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WE CLAIM: 



1 . A method of detecting a nucleic acid having at least two portions comprising: 



providing a type of nanoparticles having oligonucleotides attached thereto, 
the oligonucleotides on each nanoparticle having a sequence complementary to the sequence 
of at least two portions of the nucleic acid; / 

contacting the nucleic acid and the nanoparticles under conditions effective 
to allow hybridization of the oligonucleotides on the nanoparticles with the two or more 
portions of the nucleic acid; and j 

observing a detectable change brought about by hybridization of the 
oligonucleotides on the nanoparticles with the nuclgifiacid. 



2. 



A method of detecting^ucleic/acid haying at least two portions comprising: 



contacting the nudelc acid with at legist two types of nanoparticles having 

oligonucleotides attached thereto, the oligonucleotides on the first type of nanoparticles 

ft/ 

having a sequence complementary to a firsfportion of the sequence of the nucleic acid, the 
oligonucleotides on the second type of /^noparticles 

a second portion of the ^sequence ofttne nucleic acic^the contacting taking place under 

low hybridization of the oligonucleUTules on the nanoparticles with 



laving a sequen^complementary to 



conditions effective to a 
the nucleic acid; and 

observin 1 



a^detectable change brought about by hybridization of the 



oligonucleotides on the nanoparticles with the nucleic acid 



3. The method of Claim 2 wherein the contacting conditions include freezing 
and thawing. 

4. The method of Claim 2 wherein the contacting conditions include heating. 
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5. The method of Claim 2 wherein the detectable change is observed on a solid 



surface. 



6. The method of Claim 2 wherein the detectable change is a color change 
observable with the naked eye. 



7. The method of Claim 6 wherein the color change is observed on a solid 



surface. 



8. The method of Claim 2 wherein the nanoparticles are made of gold. 



9. 




The method of Claim 2 whefte 
nanoparticles are labeled on their ends not/tt/ched 
produce a detectable change upon hybridizat/on 



with the nucleic acid. 




in the oligonucleotides attached to the 
to the nanoparticles with molecules that 
df the oligonucleotides on the nanoparticles 




10. The method of Claifn 9 whereinMhe^hanoparticles are metallic or 
semiconductor nanoparticl^anci/the oligonucleotides attached to the nanoparticles are 
labeled with fluorescent molecules. 



1 1 . The method of Claim 2 wherein: 

/ 

the nucleic acid has a third portion located between the first and second 

/ 

portions, and the sequences of the oligonucleotides on the nanoparticles do not include 

/ 

sequences complementary to this third portion of the nucleic acid; and 

/ 

the nucleic acid is further contacted with a filler oligonucleotide having a 

/ 

sequence complementary to this third portion of the nucleic acid, the contacting taking place 

A 

under conditions effective to allow hybridization of the filler oligonucleotide with the nucleic 
acid. 
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disease. 



12. The method of Claim 2 wherein the nucleic acid is viral RNA or DNA. 

13. The method of Claim 2 wherein the nucleic acid is a gene associated with a 

14. The method of Claim 2 wherein the nucleic acid is a bacterial DNA. 

15. The method of Claim 2 wherein/ the nucleic acid is a fungal DNA. 



16. The method of Claim 2 wherein the nucleic acid is a synthetic DNA, a 
synthetic RNA, a structurally-modified naturaPofsynthetic RNA, or a structurally-modified 



natural or synthetic DNA 

/ 




1 7. The method of Claim 2 whei-ein the/nucleic acid is from a biological source. 



1 8. The method ofjClaim 2 whereir/the nucleic acid is a product of a polymerase 




/ 

r 

chain reaction amplification 



1 9. The method ofQainj^ wherein the nucleic acid is contacted with the first and 
second types of nanoparticles simultaneously. 



20. The method of Claim 2 wherein the nucleic acid is contacted and hybridized 
with the oligonucleotides on the first type of nanoparticles before being contacted with the 
second type of nanoparticles. 



2 1 . The method of Claim 20 wherein the first type of nanoparticles is attached to 
a substrate. 
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22. The method of Claim 2 wherein the nucleic acid is double-stranded and 
hybridization with the pligonucleotides on th^ nanoparticles results in the production of a 
triple-stranded complex. 

23. A method of detecting nucleicjacid having at least two portions comprising: 
providing a substrate having a first type of nanoparticles attached thereto, the 

nanoparticles having oligonucleotides attached thereto, the oligonucleotides having a 
sequence complementary to a first portion of the sequence of a nucleic acid to be detected; 

contacting said nucleic acid <with the nanoparticles attached to the substrate 
under conditions effective to allow hybridization of theoligonucleotides on the nanoparticles 
with said nucleic acid; 

providing a se6ond type of ndnbparticles having oligonucleotides attached 
thereto, the oligonucleotide^having a sequence romplementamcKJn^o^TOore other portions 
of the sequence of said ; 

contacting said nucleic acid bound to the substrate with the second type of 
nanoparticles under conai^ion^nective to allow hybridization of the oligonucleotides on the 
second type of nanoparticles with said nucleic acid; and 

observing a detectable change. 



24. The method of Claim 23 wherein the substrate has a plurality of types of 
nanoparticles attached to it in an Lnrzy to allow for the detection of multiple portions of a 
single nucleic acid, the detection of multiple different nucleic acids, or both. 



25. A method of detecting nucleic acid having at least two portions comprising: 
providing a substrate having a first type of nanoparticles attached thereto, the 
nanoparticles having oligonucleotides attached thereto, the oligonucleotides having a 
sequence complementary tc! ^ first portion of the sequence of a nucleic acid to be detected; 
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contacting said nucleic acid with the nanoparticles attached to the substrate 
under conditions effective to allow hybridization of the oligonucleotide/ on the nanoparticles 
with said nucleic acid; 

providing a second type of nanoparticles having oligonucleotides attached 
thereto, the oligonucleotides having a sequence complementary tcyone or more other portions 
of the sequence of said nucleic acid; 

contacting said nucleic acid bound to the sul/strate with the second type of 
nanoparticles under conditions effective to allow hybridization of the oligonucleotides on the 
second type of nanoparticles with said nucleic acid; 

providing a binding oligonucleotide having a selected sequence having at least 
two portions, the first portion being complementary^ of the sequence of 

the oligonucleotides on the second type of nanoparticles; ^ I 

contacting the binding oligonucleotide witfj/tne second type of nanoparticles 
bound to the substrate under conditions effective to y allow hybridization of the binding 
oligonucleotide to the oligonucleotides on tKe nanoparticles; i 
providing a third/ type of /nanoparticles hav( 
thereto, the oligonucleotides having a sequence complement 
portion of the binding oligonucleotide; 

contacting the third type of nanoparticles with the binding oligonucleotide 
bound to the substrate under conditions effective to allow hybridization of the binding 
oligonucleotide to the oligonucleotides on the nanoparticles; and 
observing a detectable change. 

26. The method of Claim 25 wherein the substrate has a plurality of types of 
nanoparticles attached to it in an array to allow for the detection of multiple portions of a 
single nucleic acid, th^ detection of multiple different nucleic acids, or both. 




oligonucleotides attached 
e^uence of a second 



27. A njtethod of detecting nucleic acid having at least two portions comprising: 
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contacting a nucleic ac^d to be detected with a substrate having 
oligonucleotides attached thereto, the oligonucleotides having a sequence complementary to 
a first portion of the sequence of said nucleic acid, the contacting taking place under 
conditions effective to allow hybridizationlof the oligonucleotides on the substrate with said 
nucleic acid; 

contacting said nucleic acid bound to the substrate with a first type of 
nanoparticles having one or more types of oligonucleotides attached thereto, at least one of 
the types of oligonucleotides having a sequence complementary to a second portion of the 
sequence of said nucleic acid, the contacting) taking place under conditions effective to allow 
hybridization of the oligonucleotides on thej nanoparticles with said nucleic acid; 

contacting the first typejjf nlioparticFes bound to the substrate with a second 
type of nanoparticles having oligonucleotides attach^ ^thereto, the oligonucleotides on the 
second type of nanoparticles having a sequence complementary to at least a portion of the 
sequence of one of the types of oligonucl jotides on the first type of nanoparticles, the 
contacting taking place /under conditior ^effective to allow hybridization of the 
oligonucleotides on the first and second types of nanoparticles; and s' 

observing a detectable'ehange. 



28. The method of Claim 27 wherein the first type of nanoparticles has only one type 
of oligonucleotides attached thereto, the oligonucleotides having a sequence complementary 
to the second portion of the sequence of said nucleic acid and to at least a portion of the 
sequence of the oligonucleotides on the second type of nanoparticles. 



29. The method of Claim 28 further comprising contacting the second type of 
nanoparticles bound to the substrate with tile first type of nanoparticles, the contacting taking 



place under conditions effective to allow 
and second types of nanoparticles. 



hybridization of the oligonucleotides on the first 
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30. The method of Claim 27 wherein the first type of nanoparticles has at least two 
types of oligonucleotides attached thereto, the first type of oligonucleotides having a 
sequence complementary to the second portion of the sequence of said nucleic acid, and the 
second type of oligonucleotides having a sequence complementary to the sequence of at least 
a portion of the oligonucleotides on the second type of nanoparticles. 

31. The method of Claim 30 further comprising contacting the second type of 
nanoparticles bound to the substrate with/the first type of nanoparticles, the contacting taking 
place under conditions effective to allqw h ybrid ization of the oligonucleotides on the first 
and second types of nanoparticles. 



32. The method of)Elaim^27 whepij/ the substrate has a plurality of types of 
oligonucleotides attached to it in aji array to allow for the detection of multiple portions of 
a single nucleic acid, the/detection of npfltipl^ different nucleic acids, or both. 

33 . The method of any/6ne of Clain^23-3^wlierein the substrate is a transparent 
substrate or an opaque Wute-^ubstrate. 

/ 

34. The method of Claim 33 wherein the detectable change is the formation of 
dark areas on the substrate. / 

35. The method of any one of Claims 23-32 wherein the nanoparticles are made 

of gold. 



36. The method of any one of Claims 23-32 wherein the substrate is contacted 
with silver stain to produce the detectable change. 
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37. The method of any one of Claims 23-32 wherein the detectable change is 
observed with an optical scanner. 



38. A method of detecting nucleic acid having at least twb portions comprising: 
contacting a nucleic acid to be detected with a substrate having 
oligonucleotides attached thereto, the oligonucleotides having aiequence complementary to 
a first portion of the sequence of said nucleic acjdr*evC6ntacting taking place under 
conditions effective to allow hybridization of theoligonuckotMes on the substrate with said 
nucleic acid; / / 

contacting said nucleic/acid bound/to the' /substrate with a type of 
nanoparticles having oligonucleotide/ attached theretoy&e I oligonucleotides having a 
sequence complementary to a second portion of the sequenciJ of said nucleicaeid, the 
contacting taking place under conditions ^effectjate to allow^iybritfization of the 
oligonucleotides on the nanoparticles. with said nucleic acid; 

contacting the substrate\iWsflver stain to produce a detectable change; and 

observing the detectable <mange. 



39. The method of Claim Sjrwherein the nanoparticles are made of a noble metal. 

40. The method of Claim 39 wherein the nanoparticles are made of gold or silver. 

41. The method at Claim 38 wherein the substrate has a plurality of types of 
oligonucleotides attachecfto it in an array to allow for the detection of multiple portions of 
a single nucleic acid, We detection of multiple different nucleic acids, or both. 



42. Th/ method of any one of Claims 38-41 wherein the detectable change is 
observed with an optical scanner. 
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43 . A method of detecting nucleic acid having at least two portions c/faprising: 
contacting a nucleic acid to be detected with a substrate having 
oligonucleotides attached thereto, the oligonucleotides having a sequence complementary to 
a first portion of the sequence of said nucleic acid, the contacting taking place under 
conditions effective to allow hybridization of the oligonucleotides onjtie substrate with said 
nucleic acid: 

/ 

contacting said nucleic acid bound to the substrate with liposomes having 
oligonucleotides attached thereto, the oligonucleotides having a'sequence complementary to 
a portion of the sequence of said nucleic acid, the contacting taking place under conditions 
effective to allow hybridization of the oligonucleotides or/the liposomes with said nucleic 
acid; / 

contacting the liposomes bound/ttfTthe substrate with a first type of 
nanoparticles having at least a first type oligonucleotides attapjiea thereto, the first type of 
oligonucleotides having a hydrophobic/£roup ^/attached ,t6 the end not attached to the 
nanoparticles, the contacting taking plate under conditions effective to^llc^vittachment of 
the oligonucleotides on the nanopajfticlesyto the/liposomes aVa-result of hydrophobic 
interactions; and 

observing a detectable^cfaange. 



44. A method of detectir/g nucleic acid having at least two portions comprising 
contacting a nucleic acid to be detected with a substrate having 
oligonucleotides attached thereto, the oligonucleotides having a sequence complementary to 
a first portion of the sequence of said nucleic acid, the contacting taking place under 
conditions effective to alloy hybridization of the oligonucleotides on the substrate with said 
nucleic acid; / 

contacting said nucleic acid bound to the substrate with liposomes having 
oligonucleotides attached thereto, the oligonucleotides having a sequence complementary to 
a portion of the sequence of said nucleic acid, the contacting taking place under conditions 
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effective to allow hybridization of the oligonucleotides o/the liposomes with said nucleic 
acid; 

contacting the liposomes bound to the substrate with a first type of 
nanoparticles having at least a first type oligonucleotides attached thereto, the first type of 
oligonucleotides having a hydrophobic group attached to the end not attached to the 
nanoparticles, the contacting taking place under conditions effective to allow attachment of 
the oligonucleotides on the nanoparticles to thi liposomes as a result of hydrophobic 
interactions; / 

contacting the first type of nanoparticles bound to the liposomes with a second 
type of nanoparticles having oligonucleotides attached thereto, 

the first type of nanoparticles having a second type of oligonucleotides 
attached thereto which have a sequence complementary to at least a portion of the sequence 
of the oligonucleotides on the second type of nanoparticles, 

the oligonucleotides on'thTsecond type of nanoparticles having a 
sequence complementary to at leait^a portion of/jn> sequence of the second type of 
oligonucleotides on the first type of nanoparticles/ 

the contacting taking place under conditions effective to allow 
hybridization of the oligonucleotides on the first and ^econd types of nanoparticfes; and 
observing a' detectable chang 



45. The method of ( 



or 44 wherein the substrate has a plurality of types of 
oligonucleotides attached to it in an array to allow for the detection of multiple portions of 
a single nucleic acid, the detection of multiple different nucleic acids, or both. 

/ 

/ 

46. The method ,6f Claim 43 or 44 wherein the nanoparticles are made of gold. 



47. The method of Claim 43 or 44 wherein the substrate is contacted with silver 
stain to produce the detectable change. 
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48. The method of any one of Claims 43 or 44 wherein the detectable change is 
observed with an optical scanner. / 



49. A method of detecting nucleic acid^having at least two portions comprising: 
providing a substrate having a first/type of nanoparticles attached thereto, the 

nanoparticles having oligonucleotides attached thereto, the oligonucleotides having a 

sequence complementary to a first portion of the sequence of a nucleic acid to be detected; 

contacting said nucleic acid with the nanoparticles attached to the substrate 

under conditions effective to allow hybridization of the oligonucleotides on the nanoparticles 

with said nucleic acid; \ 

providing an aggregat^probe compiling at least two types of nanoparticles 



some of the*)ligonucleotides attached 



having oligonucleotides attached thereto, the nario )articles of the aggregate probe being 

/ / / \ 

bound to each other as a result of/the hybridization o 

to them, at least one of the/ tyj></s of r^opartiis^es^ aggregate probe having 
oligonucleotides attached thereto v^hich h^ive a sequence complementary to a second portion 
of the sequence of said nucleic acid; 

contacting said i^e^c acid bound to the substrate with the aggregate probe 
under conditions effective to allow hybridization of the oligonucleotides on the aggregate 
probe with said nucleic acid; and 

observing a detectable change. 



50. The method/of Claim 49 wherein the substrate has a plurality of types of 
nanoparticles attached to it in an array to allow for the detection of multiple portions of a 
single nucleic acid, th^/cletection of multiple different nucleic acids, or both. 

51. A method of detecting nucleic acid having at least two portions comprising: 
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providing a substrate having oligonucleotides attached thereto, the 
oligonucleotides having a sequence complementary to a first portion of the sequence of a 
nucleic acid to be detected; ^ 

providing an aggregate probe comprising at least two ^ypes of nanoparticles 

/ 

having oligonucleotides attached thereto, the nanoparticles of the aggregate probe being 
bound to each other as a result of the hybridization of some of the oligonucleotides attached 
to them, at least one of the types of nanoparticles of the aggregate probe having 
oligonucleotides attached thereto which have a sequence complementary to a second portion 
of the sequence of said nucleic acid; / 

contacting said nucleic acid, the substrate and the aggregate probe under 
conditions effective to allow hybridization o^said nucleic acid with the oligonucleotides on 
the aggregate probe and with the oligomjc^^otides on the substrate; and 

observing a detectable^change. '* 



52. The method of Claim $ l wherein>sai<inucleic aridis contacted with the substrate 
so that said nucleic acid hybridiz^sjykn the oligonucleotides on the substrate, and said 
nucleic acid bound to the substrate is then contacted with the aggregate probe so that said 
nucleic acid hybridizes with the oligonucleotides on the aggregate probe. 



53. The method/of Claim 51 wherein said nucleic acid is contacted with the 
aggregate probe so that said nucleic acid hybridizes with the oligonucleotides on the 
aggregate probe, and/said nucleic acid bound to the aggregate probe is then contacted with 
the substrate so that said nucleic acid hybridizes with the oligonucleotides on the substrate. 



54. The method of Claim 51 wherein said nucleic acid is contacted simultaneously 
with the aggregate probe and the substrate. 
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55. The method of 
oligonucleotides attached to it 
a single nucleic acid, the deted 



Cljaim 51 wherein the substrate has a plurality of types of 
an array to allow for the detection of multiple portions of 
on of multiple different nucleic acids, or both. 



56. A method of detecting nucleic acid having at least two portions comprising: 
providing a substrate having oligonucleotides attached thereto; 
providing an aggregate probe comprising at least two types of nanoparticles 
having oligonucleotides attached thereto, the nanoparticles of the aggregate probe being 
bound to each other as a result of the hybridization of some of the oligonucleotides attached 
to them, at least one of tie types of nanoparticles of the aggregate probe having 
oligonucleotides attached thereto which have a sequence complementary to a first portion of 
the sequence of a nucleic acid^tobe detected; 

loparticles having at least two types of oligonucleotides 



providing^ type of 

attached thereto, the first typ^ of bligonucleotides having a sequence complementary to a 



/ / 

second portion of the sequence o 



' said nucleic acid, the second type of oligonucleotides 
having a sequencfe compldmenUuv to at le^st a portion of the sequence of the 
oligonucleotides attached to i he substrate; 

contacting said nucleic acid, the aggregate probe, the nanoparticles and the 
substrate, the contacting takhg place under conditions effective to allow hybridization of 
said nucleic acid with the oligonucleotides on the aggregate probe and on the nanoparticles 
and hybridization of the oligonucleotides on the nanoparticles with the oligonucleotides on 
the substrate; and 

observing a detectable change. 



57. The method of Claim 56 wherein said nucleic acid is contacted with the 
aggregate probe and the nanoparticles so that said nucleic acid hybridizes with the 
oligonucleotides on the aggregate probe and with the oligonucleotides on the nanoparticles, 
and said nucleic acid bound to the aggregate probe and nanoparticles is then contacted with 
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the substrate so that the oligonucleotides on the nanoparticles hybridize with the 
oligonucleotides on the substrate. 

58. The method of Claim 56 wherein said nucleic acid is contacted with the 
aggregate probe so that\said nucleic acid hybridizes with the oligonucleotides on the 
aggregate probe, said nucleic acid bound to the aggregate probe is then contacted with the 
nanoparticles so that said nucleic acid hybridizes with the oligonucleotides on the 
nanoparticles, and said nucleic acid bound to the aggregate probe and nanoparticles is then 
contacted with the substrate^ that the oligonucleotides on the nanoparticles hybridize with 

-— -p 

59. The method of \ Claim 56 wherein said nucleic acid is contacted with the 



aggregate probe so that said nuclete acid hybridizes with the oligonucleotides on the 
aggregate probe, the nano^rticle^ are contacted with the substrate so that the 
oligonucleotides on the nanoparticlps hybridize with the oligonucleotides on the substrate, 
and said nucleic acid bour/d to the ^gbegate pi^be is then contacted with the nanoparticles 
bound to the substrate so/that said^nud^ei^aeid hybridizes with the oligonucleotides on the 
nanoparticles. 




60. The method of Claimp6 wherein the substrate has the oligonucleotides attached 
to it in an array to allow for the dietection of multiple portions of a single nucleic acid, the 
detection of multiple different nucleic acids, or both. 

6 1 . The method of any bne of Claims 49-60 wherein the substrate is a transparent 

substrate or an opaque white substrate. 

■I 

\ 

62. The method of Claim\61 wherein the detectable change is the formation of 
dark areas on the substrate. 
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63. The method of my one of Claims 49-60 wherein the nanoparticles in the 
aggregate probe are made of sold. 

64. The method of any one of Claims 49-60 wherein the substrate is contacted with 
a silver stain to produce the detectable change. 



65. The method' of any one of Claims 49-60 wherein the detectable change is 
observed with an optical scanner. 



66. A method of detecting nucleic acid having at least two portions comprising: 
contacting a nucleic acid to be detected with a substrate having 

I; 

oligonucleotides attacJ^^er$to, the oligonucleotides having a sequence complementary to 
a first portion of^the seqjuencey>f said nucleic acid, the contacting taking place under 



conditions effective to allow hybridization/of the oligonucleotides on the substrate with said 
nucleic acid; / y/ \ ^ 

Icontactirig saichiudeic acid bound to the substrate with liposomes having 
oligonucleotides^tjached thereto, the oligonucleotides having a sequence complementary to 
a portion of the sequence of said nucleic acid, the contacting taking place under conditions 

effective to allow hybridization of the oligonucleotides on the liposomes with said nucleic 

i 

acid; j 

providing an aggregate probe comprising at least two types of nanoparticles 
having oligonucleotides attached thereto, the nanoparticles of the aggregate probe being 
bound to each other as a result of the hybridization of some of the oligonucleotides attached 
to them, at least oye of the types of nanoparticles of the aggregate probe having 
oligonucleotides attached thereto which have a hydrophobic group attached to the end not 
attached to the nanoparticles; 
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contacting the liposomes bound to the substrate with the aggregate probe 
under conditions effective to allow attachment of the oligonucleotides on the aggregate probe 
to the liposomes as a result of hydrophobic interactions; and 
observing a detectable change. 



67. The method of Claim 66 wnerein the nanoparticles in the aggregate probe are 
made of gold. 



68. The method of Claim 66 wherein the substrate is contacted with a silver stain to 
produce the detectable change. I 



69. The method of Claim^6^wherein the substrate has a plurality of types of 
oligonucleotides attached to it in an array to alJ^oAf for the detection of multiple portions of 



a single nucleic acid, the detection of multipl 



7 'AT 

ion of multiple iifft 



ferent nucleic acids, or both. 



70. A method of? detecting nucleic adid having at least two portions comprising: 

providing a substrate/ having ^oligonucleptides attached thereto, the 

oligonucleotides having a ^cjuer^ to a first portion of the sequence of a 

nucleic acid to be detected; 

providing a core probe comprising at least two types of nanoparticles, each 

type of nanoparticles having oligonucleotides attached thereto which are complementary to 

the oligonucleotides on at least one of the other types of nanoparticles, the nanoparticles of 

the aggregate probe being bound to each other as a result of the hybridization of the 

oligonucleotides attached to them; 

providing a type of nanoparticles having two types of oligonucleotides 

attached thereto, the first type^of oligonucleotides having a sequence complementary to a 

/ 

second portion of the sequence of said nucleic acid, the second type of oligonucleotides 
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having a sequence complementary to a portion of the sequence of the oligonucleotides 
attached to at least one of the types of nanoparticles of the core probe; 

contacting said nucleic acid, the nanoparticles, the substrate and the core 



probe under conditions effective to all 



>w hybridization of said nucleic acid with the 



oligonucleotides on the nanoparticles and with the oligonucleotides on the substrate and to 
allow hybridization of the oligonucleotides on the nanoparticles with the oligonucleotides 
on the core probe; and 

observing a detectable change 



71 . The method of Claim 70 wherein said nucleic acid is contacted with the substrate 
so that said nucleic acid hybridizes yith the oligonucleotides on the substrate, and said 
nucleic acid bound to the substrate is then contacted with the nanoparticles so that said 
nucleic acid hybridizes with the oligonucleotides on the nanoparticles, and the nanoparticles 
bound to said nucleic acid are contacted witn fie core probe so that the oligonucleotides on 
the core probe hybridize with theoligonucieo tides on the nanoparticles. 



72. The method of Claim 7j6 when 




acid is contacted with the 



nanoparticles so that said I nucleic acid hybridizes with the oligonucleotides on the 
nanoparticles, said nucleic acia bound to the nanoparticles is then contacted with the 
substrate so that said nucleic acid hybridizes with the oligonucleotides on the substrate, and 
the nanoparticles bound to said nucleic acid are contacted with the core probe so that the 
oligonucleotides on the core prol>e hybridize with the oligonucleotides on the nanoparticles. 

73. A method of detecting nucleic acid having at least two portions comprising: 
providing a substrate having oligonucleotides attached thereto, the 
oligonucleotides having a sequence complementary to a first portion of the sequence of a 
nucleic acid to be detected; 
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providing a core probe comprising at least two types of nanoparticles, each 
type of nanoparticles having oligonucleotides attached thereto which are complementary to 
the oligonucleotides on at least one other type of nanoparticles, the nanoparticles of the 
aggregate probe being bound to each ^ther as a result of the hybridization of the 
oligonucleotides attached to them; 

providing a type of linking oligonucleotides comprising a sequence 
complementary to a second portion of the sequence of said nucleic acid and a sequence 
complementary to a portion of the sequence of the oligonucleotides attached to at least one 
of the types of nanoparticles of the core probe; 

contacting said nucleic /acid, the linking oligonucleotides, the substrate and 
the core probe under conditions effective to allow hybridization of said nucleic acid with the 

Q linking oligonucleotides and with the oligonucleotides on the substrate and to allow 

ift ... / ^ 

hybridization of the oligonucleotides onyjthe linking oligonucleotides with the 

H oligonucleotides on the core probe;/and 

m / / 

rp observing a detectable change. 



74. The method of any one of Claims 70- A^whe^eitflhe substrate has a plurality of 

types of oligonucleotide^ attached to it in an array to allow for the detection of multiple 

portions of a single nucleic acid, the detection of multiple different nucleic acids, or both. 

/ 
/ 

75. The method of any one of Claims 70-73 wherein the substrate is a transparent 

substrate or an opaque white substrate. 

/ 

/ 

76. The method of Claim 76 wherein the detectable change is the formation of 
dark areas on the substrate. 



77. The method pf any one of Claims 70-73 wherein the nanoparticles in the core 
probe are made of gold. ] 
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78. The method of any one of Claims 70-73 wherein the substrate is contacted with 
a silver stain to produce the detectable change. 



79. The method of any one o; 
observed with an optical scanner. 



Claims 70-73 wherein the detectable change is 



80.. A method of detecting a nu :leic acid having at least two portions comprising: 
providing nanoparticles having oligonucleotides attached thereto; 
providing one or more types of binding oligonucleotides, each of the binding 
oligonucleotides having two portions, the sequence of one portion being complementary to 

the sequence of one of the portions of the nucleic acid and the sequence of the other portion 

I 

being complementary to the sequence of the oligonucleotides on the nanoparticles; 

| 

contacting the nanoparticles and the binding oligonucleotides under 

I 

conditions effective to allow hybridizaton-of ^oligonucleotides on the nanoparticles with 
the binding oligonucleotides; ^/ j j 

contacting the nucleic acid an(^th^ binding oligonucleotides under conditions 



effective to allow hybridization of the binding o 




observing a detectable change. 



igonucleotides with the nucleic acid; and 



81 . The method of Claim 80 wherein the nanoparticles are contacted with the 

I 

binding oligonucleotides prior to being contacted with the nucleic acid. 



82. A method of detecting a nucleic acid having at least two portions comprising: 

I 

providing nanoparticles having oligonucleotides attached thereto; 

I 

providing one or more binding oligonucleotides, each of the binding 
oligonucleotides having two portionsjjthe sequence of one portion being complementary to 
the sequence of at least two portions of the nucleic acid and the sequence of the other portion 
being complementary to the sequence^ of the oligonucleotides on the nanoparticles; 
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contacting the 
conditions effective to allow 
the binding oligonucleotides; 

contacting the nucleic 
effective to allow hybridization of th e 

observing a detectable 



nanoparticles and the binding oligonucleotides under 
hybridisation of the oligonucleotides on the nanoparticles with 



acid and the binding oligonucleotides under conditions 
binding oligonucleotides with the nucleic acid; and 
change. 



83. A method of detecting nucleic acid having at least two portions comprising: 
contacting the nucleic acid with at least two types of particles having oligonucleotides 
attached thereto, 



the oligonucleotides on thefitst type of particles having a sequence complementary 



to a first portion of the sequence^of the nuclei 



the oligonucleotides /on th£ second type of particles having a sequence 
complementary to a second/portion o'f the sequence of the nucleic acid and being labeled 
with an energy acceptor, / y I 

the contacting takingplace^imcler conditions effective to ajlow hybridization of the 
oligonucleotides on the particles with' the nucleic afcidj-aad^^ 

observing a detectable change brought about by hybridization of the oligonucleotides 
on the particles with the nucleic acid.; 



Jc^ci 

/ 



cid and being labeled with an energy donor, 



84. The method of Claim 83 wherein the energy donor and acceptor are 
fluorescent molecules. 



85. A method of detecting hucleic acid having at least two portions comprising: 
providing a type of microspheres having oligonucleotides attached thereto, 
the oligonucleotides having a sequencje complementary to a first portion of the sequence of 
the nucleic acid and being labeled with a fluorescent molecule; 
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nanoparticles having oligonucleotides attached thereto, 



the oligonucleotides having a sec uence complementary to a second portion of the sequence 
of the nucleic acid, nanoparticles being capable of producing a detectable change; 

contacting the nucleic acid with the microspheres and the nanoparticles under 
conditions effective to allow hybridization of the oligonucleotides on the microspheres and 

on the nanoparticles with the nucleic acid; and 

i 

observing a change in fluorescence, another detectable change produced by 
the nanoparticles, or both. * 

86. The method of Claim 85 wherein the detectable change produced by the 
nanoparticles is a change in color. 



87. The method of Claim 85 wherein the microspheres are latex microspheres and 

; /[ / 

the nanoparticles are gold nanopartidesi and changes in fluorescence, color or both are 
observed. / y 



8 8 . The method oftlaim 87 further comprising placing a portion of the mixture 
of the latex microspheres, nanoparticles and nucleic acid in an observation area located on 
a microporous material, treating the microporous material so as to remove any unbound gold 
nanoparticles from the observation'jarea, and then observing the changes in fluorescence, 

color, or both. !J 

1 

I 
i 

89. A method of detecting nucleic acid having at least two portions comprising: 

providing a first tyjie of metallic or semiconductor nanoparticles having 

j 

oligonucleotides attached thereto, the oligonucleotides having a sequence complementary to 

i 

a first portion of the sequence of the nucleic acid and being labeled with a fluorescent 
molecule; 
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providing a second type of metallic or semiconductor nanoparticles having 
oligonucleotides attached thereto, the oligonucleotides having a sequence complementary to 
a second portion of the sequence of the nucleic acid and being labejed with a fluorescent 
molecule; 

contacting the nucleic acid with the two type& of nanoparticles under 
conditions effective to allow hybridization of the oligonucleotides on the two types of 
nanoparticles with the nucleic acid; and 

observing changes in fluorescence. 



90. The method of Claim 89 further comprising placing a portion of the mixture 
of the nanoparticles and nucleic acid in an observation area located on a microporous 
material, treating the microporous material so as to remove any unbound nanoparticles from 
the observation area, and then observing thexhanges insfluorescence. 



91 . A method of detecting nucleic add paving at least two portions comprising: 
providing a type of particle ^vin^oligonucleoti^ies attached thereto, the 
oligonucleotides having a first (rortioi^ffid a sec&nd^ortion, both portions being 
complementary to portions of th/sequence of the nucleic acid; 

providing a type of probe oligonucleotides comprising a first portion and a 
second portion, the first portion having a sequence complementary to the first portion of the 
oligonucleotides attached to the particles and both portions being complementary to portions 
of the sequence of the m/cleic acid, the probe oligonucleotides further being labeled with a 
reporter molecule at one end; 

contacting the particle and the probe oligonucleotides under conditions 
effective to allow^for hybridization of the oligonucleotides on the particles with the probe 
oligonucleotides^) produce a satellite probe; 

then contacting the satellite probe with the nucleic acid under conditions 
effective to provide for hybridization of the nucleic acid with the probe oligonucleotides; 
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removing the particles; and 
detecting the reporter molecule. 

92. The method of Claim 91 wherein the particles are magnetic and the reporter 
molecule is a fluorescent molecul^. 



93. The method of Claim 91 wherein the particles are magnetic and the reporter 
molecule is a dye molecule. j 



94. The method of Claim 91 wherein the particles are magnetic and the reporter 

i 

molecule is a redox-active molecule. 



95. A kit comprising at leasjt one container, the container holding a composition 
comprising at least two types of nanoparticles having oligonucleotides attached thereto, the 



nanqparticles having a sequence complementary to the 
leic acid, the oligonucleotides on the second type of 
plementary to the sequence of a second portion of the 



oligonucleotides on the first type ofli 

sequence of a first portion of a^nucleic acid, the oligonucleotides on the second type of 
nanoparticles having a sequence coraf 
nucleic acid. 



96. The kit of Claim 95 wherein the composition in the container further 
comprises a filler oligonucleotide haling a sequence complementary to a third portion of the 
nucleic acid, the third portion being located between the first and second portions. 



97. The kit of Claim 95 wherein the nanoparticles are made of gold. 



98. The kit of Claim 95 further comprising a solid surface. 



99. A kit comprising at least two containers, 
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the first contained holding nanoparticles having oligonucleotides attached 
thereto which have a sequence complementary to the sequence of a first portion of a nucleic 
acid, and \ 

the second container holding nanoparticles having oligonucleotides attached 
thereto which have a sequence complementary to the sequence of a second portion of the 
nucleic acid. 



100. The kit of Claim 99 
having a sequence complementary 



comprising a third container holding oligonucleotides 
:o a third portion of the nucleic acid, the third portion 



being located between the first and second portions 



101. The kit of Clahn 99 whereinytne nanoparticles are made of gold. 



1 02. The kit of/Claim 99 further comprising a solid surface. 



103. 



\ 



A kit comprising a^east two containers, / 
the firstlcontainefr holding nano^>ailicles^fiaving oligonucleotides attached 
thereto which have a sequence complementary to the sequence of a first portion of a binding 
oligonucleotide, and j 

the second container holding one or more types of binding oligonucleotides, 
each of which has a sequence comprising at least two portions, the first portion being 



complementary to the sequence of the 



'oligonucleotides on the nanoparticles and the second 



portion being complementary to the sequence of a portion of a nucleic acid 



1 04. The kit of Claim 1 03 wl ich comprises additional containers, each holding an 
additional binding oligonucleotide, each additional binding oligonucleotide having a 
sequence comprising at least two portions, the first portion being complementary to the 
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sequence of the oligonucleotides on the nanoparticles and the second portion being 
complementary to the sequence of another portion of the nucleic acid, 

1 05. The kit of Claim 1 03 wherein the nanoparticles are made of gold. 

106. The kit of Claim 103 further comprising a solid surface. 



1 07. A kit comprising: 

a container holding one type of nanoparticles having oligonucleotides attached 
thereto and one or more typ^s of binding oligonucleotides, each of the types of binding 
oligonucleotides having a sequence comprising at least two portions, the first portion being 
complementary to the sequence of |he oligonucleotides on the nanoparticles, whereby the 
binding oligonucleotides are hy|>rid£zed to the oligonucleotides on the nanoparticles, and the 
second portion being complementary to the sequence of one or more portions of a nucleic 
acid. 





108. A kit comprising at leastoTTScontainer, the container holding metallic or 
semiconductor nanoparticles having oligonucleotides attached thereto, the oligonucleotides 
having a sequence complementary to a portion of a nucleic acid and having fluorescent 
molecules attached to the ends of tlie oligonucleotides not attached to the nanoparticles. 

\ 

1 09. A kit comprising: 

a substrate, the substrate having attached thereto nanoparticles, the 
nanoparticles having oligonucleotides attached thereto which have a sequence 
complementary to the sequence of a first portion of a nucleic acid; and 

a first container holding nanoparticles having oligonucleotides attached 
thereto which have a sequence complementary to the sequence of a second portion of the 
nucleic acid. 



sn^ei 
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110. The kit of Claihi 1 09 further comprising: 

a second container holding a binding oligonucleotide having a selected 
sequence having at least two portions, the first portion being complementary to at least a 
portion of 'lie sequence of the c ligonucleotides on the nanoparticles in the first container; and 

a third contair er holding nanoparticles having oligonucleotides attached 
thereto, the oligonucleotides hiving a sequence complementary to the sequence of a second 
portion of the binding oligonucleotide. 



111. A kit comprising at least three containers: 
the first container holding nanoparticles; 

the second container holding a first oligonucleotide having a sequence 
complementary to the sequence of a first portion of a nucleic acid; and 

the third contairjefnolding\ second oligonucleotide having a sequence 
complementary to the sequence pf a second portion of the nucleic acid. 



112. The kit of Claim 111 mr her comprising a fourth container holding a third 
oligonucleotide having a sequence complementary to the sequence of a third portion of the 
nucleic acid, the third portion being locate!! between the/irst and second portions. 



113. The kit of Claim 1 1 1 further comprising a substrate. 



114. The kit of Claim 1* 1 3 further comprising: 

a fourth container holding a binding oligonucleotide having a selected 
sequence having at least two portions, the first portion being complementary to at least a 
portion of the sequence of the second oligonucleotide; and 

a fifth container holding an oligonucleotide having a sequence complementary 
to the sequence of a second portion of the binding oligonucleotide. 
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1 1 5 . Thet kit of Claim 1 1 1 wherein the oligonucleotides, nanoparticles, or both bear 
functional groups fqr attachment of the oligonucleotides to the nanoparticles. 

116. The kin of Claim 113 wherein the substrate, nanoparticles, or both bear 
functional groups for attachment of the nanoparticles to the substrate. 

1 1 7. The kit of Claim 1 1 3 wherein the substrate has nanoparticles attached to it. 

119. A kit comprising:^ 

a substrate having oligonucleotides attached thereto which have a sequence 
complementary to the seque^e^oFafirst portion of a nucleic acid; 

a first container holdifg nanoparticles having oligonucleotides attached 
thereto, some of which have a sequejiceyomplementar^jto the sequence of a second portion 
of the nucleic acid; and 

a second cbntaifier holding nanoparticles having oligonucleotides attached 
thereto which have a sequence complementary to at least a portion of the sequence of the 
oligonucleotides attached to the nanoparticles in the first container. 

120. A kit comprising: 
a substrate; 

a first container holding nanoparticles; 

a second container holding a first oligonucleotide having a sequence 
complementary to the sequence of a first portion of a nucleic acid; 

a third container holding a. second oligonucleotide having a sequence 
complementary to the sequence of a second portion of the nucleic acid; and 
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a fourth container holding a third oligonucleotide having a sequence 
complementary to at least a portion of the sequence of the second oligonucleotide. 



121- ThekitofCla 
or all bear functional groups 
for attachment of the oligonucleotides 



m 120 wherein the oligonucleotides, nanoparticles, substrate 
or attachment of the oligonucleotides to the nanoparticles or 
to the substrate. 



122. The kit of Clai n 120 wherein the nanoparticles are made of gold. 

123. A kit comprisii g: 

a substrate having oligonucleotides attached thereto which have a sequence 

complementary to the sequenc e of a first portion of a nucleic acid; 

\ 

holding liposomes having oligonucleotides attached thereto 



a first container 



acid; and 



/ 



which have a sequence complementary to the sequence of a second portion of the nucleic 



a second container holding nanoparticles having at least a first type of 
oligonucleotides attached therein, the first Q^e of oligonucleotides having a hydrophobic 
attached to the^eo^jwft attached to the nanopafticles, — ^ 



group 



124. The kit of Claim, 123 wherein: 

the nanoparticles in the second container have a second type of 
oligonucleotides attached thereto, the second type of oligonucleotides having a sequence 
complementary to the sequence of the oligonucleotides on a second type of nanoparticles; 
and the kit further comprises: 

a third container holding a second type of nanoparticles having 
oligonucleotides attached thereto,jthe oligonucleotides having a sequence complementary to 
at least a portion of the sequence If the second type of oligonucleotides on the first type of 
nanoparticles. 
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1 25 . A kit comprising: 

a substrate, the substrate having attached thereto nanoparticles, the 
nanoparticles having \ oligonucleotides attached thereto which have a sequence 
complementary to the sequence of a first portion of a nucleic acid; and 

a first container holding an aggregate probe comprising at least two types of 
nanoparticles having oligonucleotides attached thereto, the nanoparticles of the aggregate 
probe being bound to each other as a result of the hybridization of some of the 



oligonucleotides attached topem, at least one of the types of nanoparticles of the aggregate 
probe having oligonucleotides attached thereto which have a sequence complementary to a 
second portion of the sequence of the nucleic acid. 



1 26. A kit comprising: 

a substrate, the , substrate having oligonucleotides attached thereto, the 
oligonucleotides having a seqlience complementary to the sequence of a first portion of a 
nucleic acid; and 

a first container holdi ng an aggregate probe comprising at least two types of 
nanoparticles having joligonucleotia^s attacteef thereto, the nanoparticles of the aggregate 
probe being bound Ito each/other as a result of the hybridization of some of the 
oligonucleotides attacnfed-tothem, at least one of the types of nanoparticles of the aggregate 
probe having oligonucleotides attached thereto which have a sequence complementary to a 



second portion of the sequence of the nucleic acid. 

t 

127. The kit of Claim 126 wherein the substrate has a plurality of types of 
oligonucleotides attached to it in an array to allow for the detection of multiple portions of 
a single nucleic acid, the detection of multiple different nucleic acids, or both. 

128. A kit comprising: 

a substrate having oligonucleotides attached thereto; 
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a first container holding an aggregate probe comprising at least two types of 
nanoparticles having oligonucleotides attached thereto, the nanoparticles of the aggregate 
probe being bound to each other as a result of the hybridization of some of the 
oligonucleotides attached to them, at least one of the types of nanoparticles of the aggregate 
probe having oligonucleotides attached thereto which have a sequence complementary to a 
first portion of the sequence of jthe nucleic acid; and 

a second container holding nanoparticles having at least two types of 
oligonucleotides attached thereto, the first type of oligonucleotides having a sequence 
complementary to a second portion of the sequence of the nucleic acid, and the second type 
of oligonucleotides having a sequence complementary to at least a portion of the sequence 
of the oligonucleotides attached to the substrate. 



1 29. A kit comprising: 

a substrate, the substrate having oligonucleotides attached thereto, the 
oligonucleotides having a sequence complementary to the sequence of a first portion of a 
nucleic acid; — ^ 

a first containeriwldingfliposomes having oligonucleotides attached thereto 
which have a sequence cc^nplementaryVo the sequence of a second portion of the nucleic 
acid; and / / 

a second fcontainef holding an aggregate probe comprising at least two types 
of nanoparticles having oljgojluclieotides attached thereto, the nanoparticles of the aggregate 
probe being bound to each other as a result of the 

hybridization of some of the oligonucleotides attached to them, at least one of the types of 
nanoparticles of the aggregate probe having oligonucleotides attached thereto which have a 

hydrophobic group attached to th4 end not attached to the nanoparticles. 

i 
t 

1 30. The kit of any one of Claims 1 25- 1 29 wherein the substrate is a transparent 
substrate or an opaque white substrate. 
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131. The kit of any one of Clain/s 125-129 wherein the nanoparticles of the 
aggregate probe are made of gold. 

1 32. A kit comprising at least three containers: 
the first container holding/nanoparticles; 

the second container holding a first oligonucleotide having a sequence 
complementary to the sequence of a fuy portion of a nucleic acid; and 

the third container holding a second oligonucleotide having a sequence 
complementary to the sequence of a second portion of the nucleic acid. 



133. The kit of Claim 132 further comprising a fourth container holding a third 
oligonucleotide having a sequenc^cpmplemeytary to the sequence of a third portion of the 
nucleic acid, the third portion being/located between the first and second portions. 



134. The kit of Claim 132 /further comprising a substrate. 




135. The kit of Claim lf34 furthei^comprising 
> a fourth container holding a binding oligonucleotide having a selected 

sequence having at least two pottions, the first portion being complementary to at least a 
portion of the sequence of the second oligonucleotide; and 

a fifth container holding an oligonucleotide having a sequence complementary 
to the sequence of a second portion of the binding oligonucleotide. 



1 36. The kit of Claim 1 32 wherein the oligonucleotides, nanoparticles, or both bear 
functional groups for attachment of the oligonucleotides to the nanoparticles. 



137. The kit of Cjlaim 134 wherein the substrate, nanoparticles, or both bear 
functional groups for attachment of the nanoparticles to the substrate. 
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138. The kit of Claim 1 U wherein the substrate has nanoparticles attached to it. 



139. The kit of Claim 1B2 wherein the nanoparticles are made of gold. 



140. A kit comprising: 

a substrate having oligonucleotides attached thereto which have a sequence 
complementary to the sequence of a first portion of a nucleic acid; 

a first container holding nanoparticles having oligonucleotides attached 
thereto, some of which have a sequence complementary to the sequence of a second portion 
of the nucleic acid; and 

a second container holding nanoparticles having oligonucleotides attached 



thereto which have a sequence 
oligonucleotides attached to the 



complementary to at least a portion of the sequence of the 
nanoparticles in the first container. 



141. A kit comprising: 



a substrate; 

r I ■ 
a first container 




a second containe/ holding a first oligonucleotide having a sequence 



/ 



holdir 



/ 



g nanoparticles; 



complementary to the sequence/f a first portion of a nucleic acid; 

I if V / 



a third contajijer holdin^asectfnd oligonucleotide having a sequence 
complementary to theVsgguence of a second portion of the nucleic acid; and 

a fourth container holding a third oligonucleotide having a sequence 
complementary to at least a portion of the sequence of the second oligonucleotide. 

142. The kit of Clai m 141 wherein the oligonucleotides, nanoparticles, substrate 
or all bear functional groups for attachment of the oligonucleotides to the nanoparticles or 
for attachment of the oligonucleotides to the substrate. 
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complementary to the 
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of Claim 141 wherein the nanoparticles are made of gold. 



1 44 . A kit comprising : 

a substiate having oligonucleotides attached thereto which have a sequence 
sequence of a first portion of a nucleic acid; 



a first container holding liposomes having oligonucleotides attached thereto 
which have a sequence complementary to the sequence of a second portion of the nucleic 
acid; and 

a second container holding nanoparticles having at least a first type of 
oligonucleotides attached thereto, the first type of oligonucleotides having a hydrophobic 
group attached to the end not attached to the nanoparticles. 



145. 




The kk,of Claii/ 144 wherein: 
the ^nanoparticles in the second container have a second type of 
oligonucleotides attache^the^to, the second^type of oligonucleotides having a sequence 
i \he,sequence o 



complementary to ^he.sequence^tthe-oligbnucleotides on a second type of nanoparticles; 
and the kit further comprises: 

a third container holding a second type of nanoparticles having 
oligonucleotides attached thereto, the oligonucleotides having a sequence complementary to 
at least a portion of the sequence of the second type of oligonucleotides on the first type of 
nanoparticles. 



146. A kit comprising at least two containers, 

the first container holding particles having oligonucleotides attached thereto 
which have a sequence complementary to the sequence of a first portion of a nucleic acid, 
the oligonucleotides being labeled with an energy donor on the ends not attached to the 
particles, 
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the second container holding particles having oligonucleotides attached 
thereto which have a sequence complementary to the sequence of a second portion of a 
nucleic acid, the oligonucleotides being labeled with anyenergy acceptor on the ends not 
attached to the particles. 

1 47. The kit of Claim 1 46 wherein the energy donor and acceptor are fluorescent 
molecules. 



148. A kit comprising at least onexontainer, the container holding a first type of 

particles having oligonucleotides attaph^here^^ have a sequence complementary to 

the sequence of a first portion of^a nucleic add, the oligonucleotides being labeled with an 

energy donor on the ends notattached'to th/particles, and a second type of particles having 

oligonucleotides attached thereto which'have a sequence complementary to the sequence of 

/ / / I / 
a second portion of a nucleic acid, tWoligonucleotides being labeled with an energy acceptor 



on the ends not attached to the particles. 

1 49. The kit of Claim 1 48 wherein the energy donor and acceptor are fluorescent 
molecules. 

150. A kit comprising: 

a first container holding a type of microspheres having oligonucleotides 
attached thereto, the oligonucleotides having a sequence complementary to a first portion of 
the sequence of a nucleic acid and being labeled with a fluorescent molecule; and 

a second container holding a type of nanoparticles having oligonucleotides 

I 

attached thereto, the oligonucleotides having a sequence complementary to a second portion 
of the sequence of the nucleic acid. 
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1 5 1 . The kit of Claim 1 50 wherein the microspheres are latex microspheres and the 
nanoparticles are gold nanoparticles. • 

1 52. The kit of Claim 1 50 further comprising a microporous material. 

153. A kit comprising: 

a first container holding a first type of metallic or semiconductor nanoparticles 
having oligonucleotides attached thereto, the oligonucleotides having a sequence 
complementary to a first portion of the sequence of a nucleic acid and being labeled with a 
fluorescent molecule; and 

a second containerjjoldmg^ second type of metallic or semiconductor 
nanoparticles having oligonucleotides attached thereto, the oligonucleotides having a 
sequence complementary to a second portion of the sequence of a nucleic acid and being 
labeled with a fluorescein molecule. 




1 54. The kit of Clain/l 53 furtter comprising a microporous material. 



155. A kit comprising a container holding a satellite probe, the satellite probe 
comprising: f 

a particle having attached thereto oligonucleotides, the oligonucleotides 
having a first portion and a secpnd portion, both portions having sequences complementary 
to portions of the sequence ofya nucleic acid; and 

probe oligonucleotides hybridized to the oligonucleotides attached to the 
nanoparticles, the probe oligonucleotides having a first portion and a second portion, the first 
portion having a sequence /complementary to the sequence of the first portion of the 
oligonucleotides attached to the particles, both portions having sequences complementary 
to portions of the sequencetof the nucleic acid, the probe oligonucleotides farther having a 
reporter molecule attachedlto one end. 
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1 56. A kit comprising a container holding an aggregate probe, the aggregate probe 
comprising at least two types of nanoparticles having oligonucleotides attached thereto, the 
nanoparticles of the aggregate probe being bound to each other as a result of the 
hybridization of some of the oligonucleotides attached to them, at least one of the types of 
nanoparticles of the aggregate probe havin'g oligonucleotides attached thereto which have a 
sequence complementary to a portion offaie sequence of a nucleic acid. 

/ 

157. A kit comprising a container holding an aggregate probe, the aggregate probe 
comprising at least two types of nanop/articles having oligonucleotides attached thereto, the 
nanoparticles of the aggregate probe being bound to each other as a result of the 
hybridization of some of the oligonuclemidTs attached to them, at least one of the types of 
nanoparticles of the aggregate-probe having oligonucleotides attached thereto which have a 
hydrophobic group attached to the ,e™ f not attached to the nanoparticles. 

158. An aggregate probe; trie aggregate probe comprising at least two types of 
nanoparticles having oligonucleotides Wched thereto^the^nanoparticles of the aggregate 
probe being bouni to eacj/ ,'ther as Vre^yjj^fihe hybridization of some of the 
oligonucleotides attacJied^6 hejn, at least one of the types of nanoparticles of the aggregate 
probe having oligonucleotides Attached thereto which have a sequence complementary to a 
portion of the sequence of a nucleic acid 

/ 

1 59. The aggregate probe of Claim 1 58 comprising two types of nanoparticles each 
having two types of oligonucleotides attached thereto, the first type of oligonucleotides 
attached to each type of nanoparticles having a sequence complementary to a portion of the 
sequence of a nucleic acid, the second type of oligonucleotides attached to the first type of 
nanoparticles having a sequence complementary to at least a portion of the sequence of the 
second type of oligonucleotides attached to the second type of nanoparticles. 
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160. The aggregate probe 
having oligonucleotides attached t 
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of Claim 158 comprising three types of nanoparticles 
lereto, the oligonucleotides attached to the first type of 



nanoparticles having a sequence complementary to at least a portion of the sequence of the 
oligonucleotides attached to the second type of nanoparticles, the oligonucleotides attached 
to the second type of nanoparticles having a sequence complementary to at least a portion of 
the sequence of the oligonucleotides attached to the first type of nanoparticles, and the third 
type of nanoparticles having two types of oligonucleotides attached thereto, the first type of 



oligonucleotides having a sequence complementary to a portion of the sequence of a nucleic 
acid, and the second type ofoJi^ontK^eotides having a sequence complementary to at least 
a portion of the sequence of thfe oligonucleotides attached to the first or second type of 
nanoparticles. 

161. Art aggregate profbe,lthe aggregate probe comprising at least two types of 
nanoparticles having oligonucleotide attached thereto, the nanoparticles of the aggregate 
probe being bound to eadh other as^a-^estflti of the hybridization of some of the 
oligonucleotidesytach^d to them, at least one of the types of nanoparticles of the aggregate 
probe having oligonucleotides' attached thereto which have a hydrophobic group attached to 
the end not attached to the nanoparticles. 



1 62. A kit comprising a container holding a core probe, the core probe comprising 
at least two types of nanoparticles having oligonucleotides attached thereto, the nanoparticles 
of the core probe being bound to each other as a result of the hybridization of some of the 
oligonucleotides attached to them. 



163. The kit of Claim 162 further comprising a substrate having oligonucleotides 

1/ 

attached thereto, the oligonucleotides having a sequence complementary to a first portion of 
the sequence of a nucleic acid to be detected. 



183 



164. 1* B, „f Cain, ,62 or .63 thereof a container hoiding a type of 

it; s d T 8 of ° ii8 r ^ ™ - «« t of 

^*«-„^ O f O H g0nucle „ tidesha L gsequencecomp - 

sequence of the oligonucleotides attached, o at l^t^.^f.K - / 

coreprobe CIKa f 0a " eas,oneof 1>">Pesofnanoparticlesofthe 

165. ^W'ofaai ml 6 2 or.i3 nrt erco m pn S in g acon to inerh„ 1 din g a ty pe of 

166. A core propping - A ^ types „f nanopartcies having 
other a, a re.,, of *e l^ridization oUe 1ft. ohgonuCeotides anached ,„ then, 

167. A subsjrate having ninoparticlel attached thereto. 




ar^h IT ^"^^^'"^^^^'^^"''^leotide, 

a nucleic acid. ? 



169. A"«etallicorsemico„duc,orna J ,„ P ar, i c,ehaving„ li go„„c,eot 1 de S atuched 
being ,ab,,ed with fluorescait mo|ecu)es „ , he 

attached to the nanoparticle. 



1 70. A satellite probe comprising: 
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a particle having attached thereto oligonucleotides, the oligonucleotides 
having a first portion and a second porti )n, both portions having sequences complementary 

: acid; and 

lybridized to the oligonucleotides attached to the 
nanoparticles, the probe oligonucleotides having a first portion and a second portion, the first 
portion having a sequence complementary to the sequence of the first portion of the 
oligonucleotides attached to the partichs, both portions having sequences complementary 
to portions of the sequence of the nucleic acid, the probe oligonucleotides further having a 
reporter molecule attached to one end. 



to portions of the sequence of a nucleic 
probe oligonucleotides 



1 7 1 . A method of nanofabri^tiotL,comprising 

providing at leas^one jtype of)linking oligonucleotide having a selected 
sequence, the sequence of each type of jinkin^oligonucleotide having at least two portions; 

providing one or more types oManoparticles having oligonucleotides attached 
thereto, the oligonucleotides on each of the types of nanoparticles having a sequence 
complementary to the seqi\ence ofapqrtion oW linking oligonucleotide; and 

contacting theltnlcing oligonucleofides^d nanoparticles under conditions 
effective to allow hybridization of the oligonucleotides on the nanoparticles to the linking 
oligonucleotides so that a desired nanomaterial or nanostructure is formed wherein the 
nanoparticles are held together by oligonucleotide connectors. 



1 72. The method of Claim 1 
oligonucleotides attached thereto are 
nanoparticles having a sequence comp! 
oligonucleotide, and the oligonucleotides 
sequence complementary to a second 



71 wherein at least two types of nanoparticles having 
provided, the oligonucleotides on the first type of 
ementary to a first portion of the sequence of a linking 
on the second type of nanoparticles having a 
portion of the sequence of the linking oligonucleotide. 
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173. The method of Claim 171 or 172 wherein the nanoparticles are metallic 
nanoparticles, semiconductor nanoparticles ; 'or a combination thereof. 

/ 

174. The method of Claim 173 wherein the metallic nanoparticles are made of 
gold, and the semiconductor nanoparticles are made of CdSe/ZnS (core/shell). 

/ 

1 75. A method of nanofabrication comprising: 

providing at least two types of nanoparticles having oligonucleotides attached 

thereto, 

the oligonucleotides on the^first type of nanoparticles having a sequence 
complementary to that of the oligonucleotide* on the second of the nanoparticles; 

the oligonucleotides on ijhe second type of nanoparticles having a sequence 
complementary to that of Woligonm/Jwides oirjhe first type of nanoparticles; and 

contacting the first/4nd second types of nanoparticles under conditions 
effective to allow hybridizatioWthe oligonucleotides on the nanoparticles to each other so 
that a desired nanomaterial or nanostructure is formed. 

176. The method of Claim 175 wherein the nanoparticles are metallic 
nanoparticles, semiconductor nanoparticles, or a combination thereof. 

177. The method of Claim 176 wherein the metallic nanoparticles are made of 
gold, and the semiconductor nanoparticles are made of CdSe/ZnS (core/shell). 

178. Nanomaterial's or nanostructures composed of nanoparticles having 
oligonucleotides attached thereto, the nanoparticles being held together by oligonucleotide 
connectors. 
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1 79. The nanomaterials off nanostructures of Claim 1 78 wherein at least some of the 
oligonucleotide connectors are trible-stranded. 



1 80. The nanomaterials 
are metallic nanoparticles, semiconductor 



or nanostructures of Claim 1 78 wherein the nanoparticles 
nanoparticles, or a combination thereof. 



181. The nanomaterials 
nanoparticles are made of gold, anc 
(core/shell). 



or nanostructures of Claim 180 wherein the metallic 
the semiconductor nanoparticles are made of CdSe/ZnS 



182. A composition comprising at least two types of nanoparticles having 

/ 

oligonucleotides attached thereto, 



having a sequence complementary 
linking oligonucleotide, the 



the Oligonucleotides on the first type of nanoparticles 
tOyflid sequence of a/irst portion of a nucleic acid or a 
&leotictes^m4h£second type of nanoparticles having a 
sequence complementary to thesequence of a second portion of the nucleic acid or linking 
oligonucleotide. \ 



183. The composition of Claim 182 wherein the nanoparticles are metallic 
nanoparticles, semiconductor nanoparticles, or a combination thereof 

t 

1 84. The composition of Claim 1 83 wherein the metallic nanoparticles are made 
of gold, and the semiconductor nanqparticles are made of CdSe/ZnS (core/shell). 



1 85. An assembly of containers comprising: 

a first container holding nanoparticles having oligonucleotides attached 

thereto, and 

ding nanoparticles having oligonucleotides attached 



thereto, 



a second container ho 

\ 
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the oligonucleotides attached to the nanoparticles in the first container having 
a sequence complementary to that the oligonucleotides attached to the nanoparticles in the 
second container, 

the oligonucleotide^ attached to the nanoparticles in the second container 
having a sequence complementary to that of the oligonucleotides attached to the 
nanoparticles in the second container. 



186. The assembly of Claim 185 wherein the nanoparticles are metallic 
nanoparticles, semiconductor nanoparticles, or a combination thereof. 



1 87. The assembly of Cl^im 1 86 Wherein the metallic nanoparticles are made of 
gold, and the semiconductor n^oparticlesile made of CdSe/ZnS (core/shell). 



188. A nanoparticJe havir 



thereto. 



a plurality of different oligonucleotides attached 



a I z 



1 89. A method of separating a selected nucleic acid having at least two portions 
from other nucleic acids, the method comprising: 

providing two or more types of nanoparticles having oligonucleotides attached 
thereto, the oligonucleotides on each of the types of nanoparticles having a sequence 
complementary to the sequence of one of the portions of the selected nucleic acid; and 

contacting the nucleic acids and nanoparticles under conditions effective to 
allow hybridization of the oligonucleotides on the nanoparticles with the selected nucleic 
acid so that the nanoparticles hybridized to the selected nucleic acid aggregate and 
precipitate. 



1 90. A method of binding oligonucleotides to charged nanoparticles to produce 
stable nanoparticle-oligonucleotide conjugates, the method comprising: 
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providing oligonucleotides having covalently bound thereto a moiety 
comprising a functional group wh ch can bind to the nanoparticles; 

contacting the oligonucleotides and the nanoparticles in water for a period of 
tin* sufficient to allow at least soL of the oligonucleotides to bind to the nanoparticles; 

adding at least one skit to the water to form a salt solution, the ionic strength 
ofthe salt solution being sufficient to overcome at least partially the electrostatic attraction 
or repulsion ofthe oligonucleotides for the nanoparticles and the electrostatic repulsion of 
the oligonucleotides for each other; land 

t 

contacting the oligonucleotides and nanoparticles in the salt solution for an 
additional period of time sufficient tf allow sufficient additional oligonucleotides to bind to 
the nanoparticles to produce the staile nanoparticle-oligonucleotide conjugates. 



191. Tbc method ofClaimj 1 90 «,erei„ the nanoparticles are ntetal nanoparticles 

or semiconductor nanoparticles. 



192. The method of Claim^l wherein the nanoparticles are gold nanoparticles. 



193. The memodofClaim 
which can bind to the nanoparticles 



is 



1 94. The method of Claim 
single addition. 



92 wherein the moiety comprising a functional group 
an alkanethiol. 



190 wherein all ofthe salt is added to the water 



in a 



195. The method of Claim 190 wherein the salt is added gradually 



196. The method of Claim 



over time. 



190 wherein the salt is selected from the group 
consisting of sodium chloride, magnesium chloride, potassium chloride, ammonium 
chlonde, sodium, acetate, ammonium a'cetate, a combination of two or more of these salts,' 
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one of these salts in a phosphate 
phosphate buffer. 



197. The method of C 



buffer. 



buffer, and a combination of two or more these salts 



in a 



aim 1 96 wherein the salt is sodium chloride in a phosphate 



1 98. The method of Cjlaim 1 90 wherein nanoparticle-oligonucleotide conjugates 
are produced which have the oligonucleotides present on surface of the nanoparticles at a 



surface density of at least 10 picbmoles/cm 2 . 

i 

1 99. The method of Claim 1 98 wherein the oligonucleotides are present on surface 
of the nanoparticles at a surface density of at least 15 picomoles/cm 2 . 



200. The metfiod of Claini 1 ! 



of the nanoparticles 
picomoles/cm 2 . 



at a surface densi 



19 wherein the oligonucleotides are present on surface 
about 15 picomoles/cm 2 to about 40 



201. A method of binding oligonucleotides to nanoparticles to produce 
nanoparticle-oligonucleotide conjugates, the method comprising: 

providing oligonucleotides, the oligonucleotides comprising at least one type 
of recognition oligonucleotides, each of the recognition oligonucleotides comprising a spacer 
portion and a recognition portion, the spacer portion being designed so that it can bind to the 
nanoparticles; and 

contacting the oligonucleotides and the nanoparticles under conditions 
effective to allow at least some of the recognition oligonucleotides to bind to the 
nanoparticles to produce the nanoparticle-oligonucleotide conjugates. 



\ 
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202. The method of 
recognition oligonucleotides hai; 
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a functional group which can bi id to the nanoparticles 



203. The method of C 
or semiconductor nanoparticles 

204. The method of C 



Claim 201 wherein each of the spacer portions of the 
a moiety covalently bound thereto, the moiety comprising 



aim 201 wherein the nanoparticles are metal nanoparticles 



aim 203 wherein the nanoparticles are gold nanoparticles. 



205 . The method of Clf im 204 wherein the spacer portion comprises at least about 
10 nucleotides. 



206. The method oj 
10 to about 30 nucleotide^ 

207. The metl^d^ 
are all adenines, all thymines, all 




therein the spacer portion comprises from about 




206 wherein the bases of the nucleotides of the spacer 
cytosines, all uracils, or all guanines. 



208. A method of binding oligonucleotides to nanoparticles to produce 
nanoparticle-oligonucleotide conjugates, the method comprising: 

providing oligonucleotides, the oligonucleotides comprising: 
a type of recognition oligonucleotides; and 
a type of di uent oligonucleotides; 
contacting the oligonucleotides with the nanoparticles under conditions 
effective to allow at least some df each of the types of oligonucleotides to bind to the 
nanoparticles to produce the nanoparticle-oligonucleotide conjugates. 
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209. The method of Claim 208 wherein the^anoparticles are metal nanoparticles 
or semiconductor nanoparticles. 

210. The method of Claim 209 wherein the nanoparticles are gold nanoparticles. 

211. The method of Claim 208wherein each of the recognition oligonucleotides 
comprises a spacer portion and a recoffliition portion, the spacer portion being designed so 
that it can bind to the nanoparticles/ 



212. The method of/Claim 211 wherein each of the spacer portions of the 
recognition oligonucleotides Mas a moiety! covalently bound thereto, the moiety comprising 
a functional group which cafn bind to the nanoparticles. 



213. / The method of Claim 211 wherein the spacer portions of the recognition 
oligonucleotides comprises at least about 10 nucleotides. 

7 

214. The method of Claim 213 wherein the spacer portions of the recognition 
oligonucleotides comprises from about 10 nucleotides to about 30 nucleotides. 



2 1 5/ The method of Claim 2 1 1 wherein the bases of the nucleotides of the spacer 
are all adenines, all thymines, all cytosines, all uracils or all guanines. 



f 2 1 6. The method of Claim 2 1 1 wherein the diluent oligonucleotides contain about 
the s&ne number of nucleotides as are contained in the spacer portions of the recognition 
oligonucleotides. 
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217. The method of Claim 216 wherein the/ sequence of the diluent 
oligonucleotides is the same as the sequence of the spacer portions of the recognition 
oligonucleotides. 

218. The method of Claim 208 wherein the (Oligonucleotides comprise at least two 
types of recognition oligonucleotides. 

219. A method of binding oligonucleotides to charged nanoparticles to produce 
nanoparticle-oligonucleotide conjugates, the n^ethod comprising: 

providing oligonucleotides yhaving covalently bound thereto a moiety 
comprising a functional group which can/bipd-^tcKtjhe nanoparticles, the oligonucleotides 
comprising: 

a type of rec^^ition^lfl^onucleotides; and 
a type of diluent oUgonucleotides; 
contacting the oligonucleotides with the nanoparticles in water for a period 




of time sufficient to allow at /east ^ome of ea^ph of the types of oligonucleotides to bind to 
the nanoparticles; 

adding at least/one salt to the water to form a salt solution, the ionic strength 
of the salt solution being sufficient to overcome at least partially the electrostatic attraction 
or repulsion of the oligonucleotides for the nanoparticles and the electrostatic repulsion of 
the oligonucleotides for^each other; and 

contacting the oligonucleotides and nanoparticles in the salt solution for an 

/ 

additional period of time sufficient to allow additional oligonucleotides of each of the types 
of oligonucleotides to bind to the nanoparticles to produce the nanoparticle-oligonucleotide 
conjugates. 




220. The method of Claim 2 1 9 wherein the nanoparticles are metal nanoparticles 
or semiconduc/or nanoparticles. 
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22.. Tne mahod of claim 220 wherein ^ / te ^ go|dnanopart . des 

221 ^™*odofC l ai m 22,whe rei „ Ul e n ,„i C()mprisingafilnctl . onal 
whichcanbradlothenanopaniclesisanalkanahiol. 

223. The method of Claim 219 wherein al/ofthe sal, is added .o Ac water in , 
single addition. 



224. The method of Claim 219 whereiri the salt is added gradually 




over time. 



225. The method of Claim.2,9 v4eriin the sal, is sdected from the group 
_g of sodium chloride, mag^u/ ^ride, podium chloride, ammonium 
ch,onde, sodtum, ionium ^*L/L biaatim of two or more of mesa sal,s, 
one of these salts in a phospha/ buffer, fa combination o[two „ ^ ^ 
phosphate buffer. 



buffer. ^"^^r^™^^ 



227. The method of Claim 2 1 9 wherein nanoparfcle^ligonucleoude conjugates 
are produced which have the ^nucleotides are present on surface of the nanopardc.es a. 
a surface density of at least l6 picomoles/cm ! . 

228. Tie WofClaim227wherein,heo.igonucIeo,idesarep reS en.onsurface 
of the nanoparticles a, a sXfice density of a, leas, 15 picomoles/cm'. 
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229. The method of Claim 228 wherein the oligonucleotides are present on surface 
of the nanoparticles at a surface density of from about 15 picomoles/cm 2 to about 40 
picomoles/cm 2 . 



230. The method of Claim 219 wherein each of the recognition oligonucleotides 
comprises a spacer portion and a recognition portion, th/ spacer portion having attached to 
it the moiety comprising a functional group which can bind to the nanoparticles. 



23 1 . The method of Claim 230 wherein,the spacer portion comprises at least about 
10 nucleotides. 

232. The method of Claim 23 1 whereiiulie spacer portion comprises from about 
1 0 to about 30 nucleotides. 



233. The method of Clainr23t) wherein the bases of the nucleotides of the spacers 
are all adenines, all thymines, all cytosines, all uracils, or all guanines. 



234. The method of Claim 230 wherein the diluent oligonucleotides contain about 
the same number of nucleotides as are contained in the spacer portions of the recognition 
oligonucleotides. 



235. The method of Claim 234 wherein the sequence of the diluent 
oligonucleotides is the, same as the sequence of the spacer portions of the recognition 
oligonucleotides. 



236. The /method of Claim 2 1 9 wherein the oligonucleotides comprise at least two 
types of recognition oligonucleotides. 
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237. Nanoparticle-oligonucleotide conjugates which are /nanoparticles having 
oligonucleotides attached to them, the oligonucleotides being present on surface of the 
nanoparticles at a surface density sufficient so that the conjugates are stable, at least some 
of the oligonucleotides having a sequence complementary / to at least one portion of the 
sequence of a nucleic acid or another oligonucleotide. 



238. The conjugates of Claim 237 wherein^the oligonucleotides are present on 
surface of the nanoparticles at a surface density'of at least 10 picomoles/cm 2 



9 
M 

m 



Ft* 



le oligonucleotides are present on 



239. The nanoparticles of Claim 238 wherein 
surface of the nanoparticles at a surfac^ density o£at le; ist 15 picomoles/cm 2 . 



240. The nanoparticles of Claim p39 wherein the oligonucleotides are present on 
surface of the nanoparticles a/a surfaee^ensity of from about 1 5 picomoles/cm 2 to about 40 
picomoles/cm 2 . 



241. The^nanoparticles of Claim 237 wherein the nanoparticles are metal 
nanoparticles or semiconductor nanoparticles. 



242/ The nanoparticles of Claim 241 wherein the nanoparticles are gold 
nanoparticles. 




Nanopajticles having oligonucleotides attached to them, the oligonucleotides 
comprising at least one typfe^Qf recognition oligonucleotides, each of the recognition 
oligonucleotides comprising a spacer>qrtion and a recognition portion, the spacer portion 
being designed so that it is bound to the nanoparticles, the recognition portion having a 
sequence complementary to at least one portion ofthe^equence of a nucleic acid or another 
oligonucleotide. 
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244. The nanoparticles of Claim 243 wherein the spacer portion has a moiety 
covalently bound to it, the moiety comprising a functional group through which the spacer 
portion is bound to the nanoparticles. 

245 . The nanoparticles of Claim 243 wherein the spacer portion comprises at least 
about 10 nucleotides. 

246. The nanopataicles of Claim 245 wherein the spacer portion comprises from 
about 10 to about 30 nucleotides. 

247. The nanoparticlesNpf Claim 243 wherein the bases of the nucleotides of the 
spacer portion are all adenines, all thymines, all cytosines, all uracils or all guanines. 

248. The nanoparticles of Claim 243 wherein the oligonucleotides are present on 
surface of the nanoparticles at a surface density of at least 10 picomoles/cnr. 

249. The nanoparticles of Claim 248 wherein the oligonucleotides are present on 
surface of the nanoparticles at a surface densityvof at least 15 picomoles/cm 2 . 

250. The nanoparticles of Claim 249 wherein the oligonucleotides are present on 
surface of the nanoparticles at a surface density of fronj about 1 5 picomoles/cm 2 to about 40 
picomoles/cm 2 . 

\ 251. The nanoparticles of Claim 243 whereii\the nanoparticles are metal 
nanoparticles or semiconductor nanoparticles. 

252. ( The method of Claim 251 wherein the nanoparticlekare gold nanoparticles. 
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253. \ Nanoparticles having oligonucleotides attached to them, the oligonucleotides 
comprising: \ 

at\ least one type of recognition oligonucleotides, each of the types of 
recognition oligonucleotides comprising a sequence complementary to at least one portion 
of the sequence of asnucleic acid or another oligonucleotide; and 

a typeWdilu^ 

254. The nanoparticles of Claim 253 wherein, each of the recognition 
oligonucleotides comprises X spacer portion and a recognition portion, the spacer portion 
being designed so that it is bound to the nanoparticles, the recognition portion having a 
sequence complementary to at leW one portion of the sequence of a nucleic acid or another 
oligonucleotide. \ 

255. The nanoparticles of GUaim 254 wherein the spacer portion has a moiety 
covalently bound to it, the moiety composing a functional group through which the spacer 
portion is bound to the nanoparticles. \ 

256. The nanoparticles of Claim 254Vherein the spacer portion comprises at least 
about 10 nucleotides. \ 

257. The nanoparticles of Claim 256 wherein the spacer portion comprises from 
about 1 0 to about 30 nucleotides. \ 

258. The nanoparticles of Claim 254 wherein the\ases of the nucleotides of the 
spacer portion are all adenines, all thymines, all cytosines, allVacils or all guanines. 

259. The nanoparticles of Claim 253 wherein the oligonucleotides are present on 
surface of the nanoparticles at a surface density of at least 1 0 picomoles/cm 2 . 
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260. The nanoparticles of Claim 259 wherein the oligonucleotides are present on 
surface of the nanoparticles at a surface density of at least 1 5 picomoles/cm 2 . 

26 1 . Tvhe nanoparticles of Claim 260 wherein the oligonucleotides are present on 
surface of the nanoparticles at a surface density of from about 1 5 picomoles/cm 2 to about 40 
picomoles/cmV \ 

262. The nanoWticles of Claim 254 wherein the diluent oligonucleotides contain 
about the same number of nucleotides as are contained in the spacer portions of the 
recognition oligonucleotides/^ 

263. The nanoparticlesNrf Claim 262 wherein the sequence of the diluent 
oligonucleotides is the same as\hat of the spacer portions of the recognition 
oligonucleotides. \ 

264. The nanoparticles of Clairri\253 wherein the nanoparticles are metal 
nanoparticles or semiconductor nanoparticles. \ v 

265. The nanoparticles of Claim 264 wherein the nanoparticles are gold 
nanoparticles. \ 

266. A method of detectineXmicleic ac jd comprising: 

contacting the nucleiy^cLa 4im at least one type of nanoparticle-oligonucleotide 
conjugates according to any oiie of <jtaims>3 7-242 under conditions effective to allow 
hybridization of the oligonad&edtides on the nanoparticles with the nucleic acid; and 

observing a detectable change brought about by hybridization of the oligonucleotides 
on the nanoparticleg^with the nucleic acid. 
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267. ^A.method of detecting a nucleic acid comprising: 

contacting tft^nucleic acid with at least one type of nanoparticles according to any 
one of Claims 243-265 uhcter conditions effective to allow hybridization of at least one of 
the types of recognition oligonucleotides on the nanoparticles with the nucleic acid; and 

observing a detectable cnz&me brought about by hybridization of the recognition 
oligonucleotides with the nucleic acid. 



268. A method of detecting a nucleic acid havihg at least two portions comprising: 
providing a type of nanoparticle-oligonucleotide conjugates according to any 

one of Claims 237-242, the oligonucleotides on e/ach nanoparticle having a sequence 

complementary to the sequence of at least two portions of the nucleic acid; 

contacting the nucleic acid and ther conjugates under conditions effective to 

allow hybridization of the oligonucleotides ogr the nanoparticles with the two or more 

portions of the nucleic acid; and 

observing a detectable^diaifgei brought about by hybridization of the 



oligonucleotides on the nanoparticles with^ 



tucleic acid. 



269. A method of detecting amicleic als4dhgi4rig at least two portions comprising: 
contacting the nucleic acid with at least two types of nanoparticle- 
oligonucleotide conjugates according to any one of Claims 237-240, the oligonucleotides on 
the nanoparticles of the first type of conjugates having a sequence complementary to a first 
portion of the sequence of the nucleic acid, the oligonucleotides on the nanoparticles of the 
second type of conjugates having a sequence complementary to a second portion of the 
sequence of the nucleic acid, the contacting taking place under conditions effective to allow 
hybridization of the oligonucleotides on the nanoparticles with the nucleic acid; and 

observing a detectable change brought about by hybridization of the 
oligonucleotides on the nanoparticles with the nucleic acid. 
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270. The method of Claim 26<f wherein the contacting conditions include freezing 
and thawing. 

27 1 . The method of Claim 269 wherein the contacting conditions include heating. 

272. The method of Claim |269 wherein the detectable change is observed on a 
solid surface. 

273. The method of Clainji 269 wherein the detectable change is a color change 
observable with the naked eye. 



274. The method y of Claim 27y wherein the color change is observed on a solid 



surface. 



275. The method of Cl^rm 269 v herein the nanoparticles are metal nanoparticles 
or semiconductor nanoparticles: I 



276. The method of Claim 269 whereftHh e nan oparticles are gold nanoparticles. 



277. The method o^ Claim 269 wherein the oligonucleotides attached to the 
nanoparticles are labeled on th^eir ends not attached to the nanoparticles with molecules that 
produce a detectable change upon hybridization of the oligonucleotides on the nanoparticles 
with the nucleic acid. 



278. The method of Claim 277 wherein the nanoparticles are metallic or 
semiconductor nanoparticlej and the oligonucleotides attached to the nanoparticles are 
labeled with fluorescent molecules. 
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279. The method of Claim 269 wherein: 

the nucleic acid has a third portion located between the first and second 
portions, and the sequences of ihe oligonucleotides on the nanoparticles do not include 
sequences complementary to this third portion of the nucleic acid; and 

the nucleic acid is further contacted with a filler oligonucleotide having a 
sequence complementary to this third portion of the nucleic acid, the contacting taking place 
under conditions effective to allow hybridization of the filler oligonucleotide with the nucleic 
acid. 



280. The method of Claim 269 wherein the nucleic acid is viral RNA or DNA. 



281. The method 



a disease. 



282. The 



283. The 




269 wRerein the nucleic acid is a gene associated with 




69 wherein the nucleic acid is a bacterial DNA. 



aim 269 wherein the nucleic acid is a fungal DNA. 



284. The method of Claim 269 wherein the nucleic acid is a synthetic DNA, a 
synthetic RNA, a structurally-m[pdified natural or synthetic RNA, or a structurally-modified 
natural or synthetic DNA. 

285. The method of Claim 269 wherein the nucleic acid is from a biological 

source. 



286. The method of 



Claim 269 wherein the nucleic acid is a product of a 



polymerase chain reaction amplification. 
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287. The method of Claim 269 wherein the nucleic acid is contacted with the first 
and second types of conjugates simultaneously. 



288. The method of Clak£^6^>wherein the nucleic acid is contacted and 
hybridized with the oligonucleotides oyy nLioparticles of first type of conjugates before 
being contacted with the second type/of conjugates. 



289. The method[oJXJlain}/288 wherein the first type of conjugates is attached to 
a substrate. 

290. TWmethod of Claim 269 wherein the nucleic acid is double-stranded and 
hybridization With the oligonucleotides on the nanoparticles results in the production of a 
triple-straijded complex. 

294 . A method of detecting a nucleic acid having at least two portions comprising: 
providing a type of nanoparticles according to any one of Claims 243-252 
having recognitfcm oligonucleotides attached thereto, the recognition oligonucleotides on 
each nanoparticle cbmprising a sequence complementary to the sequence of at least two 

portions of the nucleic add; 

contacting tfre nucleic acid and the nanoparticles under conditions effective 
to allow hybridization of the ribonucleotides on the nanoparticles with the two or more 
portions of the nucleic acid; and 

observing a detectabW change brought about by hybridization of the 
oligonucleotides on the nanoparticles witfvthe nucleic acid. 



292. A method of detecting nucleic acid having at least two portions comprising: 
contacting the nucleic acid with at lea$t two types of nanoparticles according 
to any one of Claims 243-250 having recognition olfepnucleotides attached thereto, the 
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recognition oligonucleotides on the first type of nanoparticles comprising a sequence 
complementary to a first portion of the sequence of the nucleic acid, the recognition 
oligonucleotides on the second type of nanoparticles comprising a sequence complementary 
to a second portion of the sequence of the nucleic acid, the contacting taking place under 
conditions effective to allow hybridization of the recognition oligonucleotides on the 
nanoparticles wiih the nucleic acid; and 

observing a detectable change brought about by hybridization of the 
recognition oligonucleotides on the nanoparticles with the nucleic acid. 

293 . The method o^Claim 292 wherein the contacting conditions include freezing 
and thawing. \ 

294. The method of Claim\292 wherein the contacting conditions include heating. 

295. The method of Claim 292 wherein the detectable change is observed on a 
solid surface. \ 

296. The method of Claim 292 wherein the detectable change is a color change 
observable with the naked eye. \ 

297. The method of Claim 296 wherein the^olor change is observed on a solid 
surface. \ 

298. The method of Claim 292 wherein the nanopakicles are metal nanoparticles 
or semiconductor nanoparticles. \ 

299. The method of Claim 298 wherein the nanoparticles Ve made of gold. 
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300. The method of Claim 292 wherein the recognition oligonucleotides attached 
to the nanoparticles are labeled on their ends not attached to the nanoparticles with molecules 
that produce detectable change upon hybridization of the oligonucleotides on the 
nanoparticles with the nucleic acid. 

301. The Wthod of Claim 300 wherein the nanoparticles are metallic or 
semiconductor nanopWcles and the oligonucleotides attached to the nanoparticles are 
labeled with fluorescentViolecules. 

302. The method of Claim 292 wherein: 

the nucleic acici has a third portion located between the first and second 
portions, and the sequences of the oligonucleotides on the nanoparticles do not include 
sequences complementary to this third portion of the nucleic acid; and 

the nucleic acid is further contacted with a filler oligonucleotide having a 
sequence complementary to this third portion of the nucleic acid, the contacting taking place 
under conditions effective to allow hybridization of the filler oligonucleotide with the nucleic 
acid. \ 

303. The method of Claim 292 wherein the nucleic acid is viral RNA or DNA. 

304. The method of Claim 292 wherein tke nucleic acid is a gene associated with 
a disease. \ 

305. The method of Claim 292 wherein the nucleic acid is a bacterial DNA. 

306. The method of Claim 292 wherein the nucleic\cid is a fungal DNA. 
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307. The method of Claim 292 wherein the nucleic acid is a synthetic DNA, a 
synthetic RNA, a structurally-modified natural or synthetic RNA, or a structurally-modified 
natural or synthetic DNA. 

308. Thk method of Claim 292 wherein the nucleic acid is from a biological 
source. \ 

309. The method of Claim 292 wherein the nucleic acid is a product of a 
polymerase chain reaction amplification. 

3 1 0. The method of Claim 292 wherein the nucleic acid is contacted with the first 
and second types of nanoparticles snnultaneously. 

311. The method of Claim 292 wherein the nucleic acid is contacted and 
hybridized with the oligonucleotides on the lirst type of nanoparticles before being contacted 
with the second type of nanoparticles. \ 

312. The method of Claim 3 1 1 wherein \he first type of nanoparticles is attached 
to a substrate. \ 

313. The method of Claim 292 wherein the nucleic acid is double-stranded and 
hybridization with the oligonucleotides on the nanoparticles results in the production of a 
triple-stranded complex. \ 

314. A method of detecting a nucleic acid having at least tWo portions comprising: 
providing a type of nanoparticles according to any one of Claims 253-265 

having recognition oligonucleotides attached thereto, the recognition oligonucleotides on 
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eacfi nanoparticle comprising a sequence complementary to the sequence of at least two 
portions of the nucleic acid; 

\ contacting the nucleic acid and the nanoparticles under conditions effective 
to allow hybridization of the recognition oligonucleotides on the nanoparticles with the two 
or more portions of the nucleic acid; and 

observing a detectable change brought about by hybridization of the 
recognition oligonucleotides on the nanoparticles with the nucleic acid. 

315. A methodW detecting nucleic acid having at least two portions comprising: 
contacting this nucleic acid with at least two types of nanoparticles according 

to any one of Claims 253-26\having recognition oligonucleotides attached thereto, the 
recognition oligonucleotides on\he first type of nanoparticles comprising a sequence 
complementary to a first portion of the sequence of the nucleic acid, the recognition 
oligonucleotides on the second type of nanoparticles comprising a sequence complementary 
to a second portion of the sequence of the nucleic acid, the contacting taking place under 
conditions effective to allow hybridization of the recognition oligonucleotides on the 
nanoparticles with the nucleic acid; and 

observing a detectable change\brought about by hybridization of the 
recognition oligonucleotides on the nanoparticles Wh the nucleic acid. 

316. The method of Claim 3 1 5 wherein the corseting conditions include freezing 
and thawing. 

3 1 7. The method of Claim 3 1 5 wherein the contactin^conditions include heating, 

318. The method of Claim 315 wherein the detectable change is observed on a 
solid surface. 
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\\9. The method of Claim 315 wherein the detectable change is a color change 
observable with the naked eye. 

320. \The method of Claim 319 wherein the color change is observed on a solid 
surface. \ 

321 . The method of Claim 3 1 5 wherein the nanoparticles are metal nanoparticles 
or semiconductor nanoparticles. 

322. The method of Claim 321 wherein the nanoparticles are made of gold. 

323. The method of Claim^l 5 wherein the recognition oligonucleotides attached 
to the nanoparticles are labeled on their ends not attached to the nanoparticles with molecules 
that produce a detectable change upon hybbkiization of the recognition oligonucleotides on 
the nanoparticles with the nucleic acid. \ 

324. The method of Claim 323 wherein the nanoparticles are metallic or 
semiconductor nanoparticles and the recognitions. oligonucleotides attached to the 
nanoparticles are labeled with fluorescent molecules. \ 

325. The method of Claim 3 1 5 wherein: \ 

the nucleic acid has a third portion located betWeen the first and second 
portions, and the sequences of the oligonucleotides on the nanoparticles do not include 
sequences complementary to this third portion of the nucleic acid; and 

the nucleic acid is further contacted with a filler oligonucleotide having a 
sequence complementary to this third portion of the nucleic acid, the contaomg taking place 
under conditions effective to allow hybridization of the filler oligonucleotide wirti the nucleic 
acid. \ 
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The method of Claim 315 wherein the nucleic acid is viral RNA or DNA. 
The method of Claim 3 1 5 wherein the nucleic acid is a gene associated with 

328. The niethod of Claim 3 1 5 wherein the nucleic acid is a bacterial DNA. 

329. The method of Claim 3 1 5 wherein the nucleic acid is a fungal DNA. 

330. The method of Claim 315 wherein the nucleic acid is a synthetic DNA, a 
synthetic RNA, a stmcturally-mViifled natural or synthetic RNA, or a structurally-modified 
natural or synthetic DNA. \ 

331. The method of Claim^315 wherein the nucleic acid is from a biological 
source. \ 

332. The method of Claim 315 therein the nucleic acid is a product of a 
polymerase chain reaction amplification. \ 

333. The method of Claim 3 1 5 wherein theNiucIeic acid is contacted with the first 
and second types of nanoparticles simultaneously. \ 

334. The method of Claim 315 wherein the nucleic acid is contacted and 
hybridized with the recognition oligonucleotides on the first tta>e of nanoparticles before 
being contacted with the second type of nanoparticles. \ 

335. The method of Claim 334 wherein the first type of nanoparticles is attached 
to a substrate. ' \ 




a disease. 
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336. The methoHtrf^Qlaim 315 wherein the nucleic acid is double-stranded and 
hybridization with the oligonucleotide$"aQjthe nanoparticles results in the production of a 
triple-stranded complex. 

337. A method of detecting a nucleic acidrtiaving at least tw^portions comprising: 

(a) contacting the nucleic acid with a substrate having oligonucleotides 
attached thereto, the oligonucleotides having a Sequence complementary to a first portion of 
the sequence of said nucleic acid, the contacting taking place under conditions effective to 
allow hybridization of the oligonucleotides/on the substrate with said nucleic acid; 

(b) contacting said nucleic acid bound to the substrate with a first type of 
nanoparticle-oligonucleotide conjugates^ccording to any one of Claims 237-240, at least one 
of the types of oligonucleotides attached to the nanoparticles of the conjugates having a 
sequence complementary to a/second /portion of the sequence of said nucleic acid, the 

• conditions effective to allow hybridization of the 



contacting taking place under 



oligonucleotides attache^ 
(c) obse: 




etectal 



lanoparticles of the conjugates with said nucleic acid; and 




le chan 



338. The method of/Claim 337 further comprising: 

(d) contacting'the first type of nanoparticle-oligonucleotide conjugates bound 

to the substrate with a secor/d type of nanoparticle-oligonucleotide conjugates according to 

/ 

any one of Claims 237-240, at least one of the types of oligonucleotides attached to the 



nanoparticles of the second type of conjugates having a sequence complementary to the 
sequence of one of the tj/es of oligonucleotides attached to the nanoparticles of the first type 
of conjugates, the contacting taking place under conditions effective to allow hybridization 
of the oligonucleotides attached to the nanoparticles of the first and second types of 
conjugates; and / 

(e) observing the detectable change. 



210 



4149-1*1-1-1 



339. The method of Claim 338 wherein at least one of the types of oligonucleotides 
on the nanoparticles of the first type of conjugates lias a sequence complementary to the 
sequence of at least one of the types of oligonucleotides on the nanoparticles of the second 
type of conjugates and the method further comprises: 

(f) contacting the second type of conjugates bound to the substrate with the 
first type of conjugates, the contacting taking mace under conditions effective to allow 
hybridization of the oligonucleotides on the nanoparticles of the first and second types of 
conjugates; and 

(g) observing the detectable change. 

340. The method of Claim 339 wherein step (cfy/r steps (d) and (f) are repeated one 
or more times and the detectable changers observed.. 



341. The method of Claim 337^furth^omprising: 

(d) providing a /type of bidding oligonucleotides having a sequence 

comprising at least two portions, the first portion being^mplepa^ntary to at least one of the 

types of oligonucleotides attacheaftTtne nanoparticles of the first type of conjugates; 

I 

(e) contacting the binding oligonucleotides with the first type of conjugates 
bound to the substrate, the contacting taking place under conditions effective to allow 
hybridization of the binding oligonucleotides with the oligonucleotides on the nanoparticles 
of the first type of conjugates; / 

(f) providing a second type of nanoparticle-oligonucleotide conjugates 
according to any one of Claims^ 237-240, at least one of the types of oligonucleotides 
attached to the nanoparticles jof the second type of conjugates having a sequence 
complementary to the second portion of the sequence of the binding oligonucleotides; 

(g) contacting the binding oligonucleotides bound to the substrate with the 
second type of conjugates, the/contacting taking place under conditions effective to allow 
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hybridization of the oligonucleotides attached to the nanoparticles of the second type of 
conjugates with the binding oligonucleotides; and 

(h) observing the detectable change. 

342. The method of Claim 341 further comprising: 

(i) contacting the second type of conjugates bound to the substrate with the 
binding oligonucleotides, the contacting taking place under conditions effective to allow 
hybridization of the binding oligonucleotides w^th the oligonucleotides on the nanoparticles 
of the second type of conjugates; 

0) contacting the binding oligonucleotides bound to the substrate with the first 
type of conjugates, the contacting /taking ptece under conditions effective to allow 
hybridization of the oligonucleotides on the nanoparticles of the first type of conjugates with 
the binding oligonucleotides; and/ 

(k) observing the detectable chang£> 



343. The method of Claim 342 wherein steps (e) and (g) or steps (e), (g), (i) and (j) 
are repeated one or more times, and the detectable change is observed. 



344. The method of Claim 337 wherein the substrate is a transparent substrate or 
an opaque white substrate. 

345. The method of Claim 344 wherein the detectable change is the formation of 
dark areas on the substrate. 

346. The method of Claim 337 wherein the nanoparticles of the conjugates are 
metal nanoparticles or semiconductor nanoparticles. 
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347. The method of Claim 346 wherein the nanoparticles of the conjugates are 
made of gold or silver. 

348. The method of Claim 337 wherein the substrate has a plurality of types of 
oligonucleotides attached to it in an array to allow for the detection of multiple portions of 
a single nucleic acid, the detection of multiple different nucleic acids, or both. 

349. The method of Claim 33^ wherein the substrate is contacted with silver stain 
to produce the detectable change. 

350. The method of Claim 3^48 wherein the substrate is contacted with silver stain 
to produce the detectable change. 




3 5 1 . The method of Claim 3 yfyherein the detectable change is observed with an 
optical scanner 




352. The methodW^laim 35 1 wherein the device is a flatbed scanner. 



353. The method of Claim 35 1 wherein the scanner is linked to a computer loaded 
with software capable of calculating greyscale measurements, and the greyscale 
measurements are calculated, to provide a quantitative measure of the amount of nucleic acid 
detected. 



354. The method/ of Claim 337 wherein the oligonucleotides attached to the 
substrate are located between two electrodes, the nanoparticles of the conjugates are made 
of a material which is a conductor of electricity, and the detectable change is a change in 
conductivity. 
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355. The method of Claim 354 wherein the electrodes are made of gold, and the 
nanoparticles are made of gold. 



356. The method of Claim 354 wherein the substrate is contacted with silver stain 



to produce the change in conductivity. 



/ 



357. The method of Claim 348 wherein each ojAhe plurality of oligonucleotides 
attached to the substrate in the array is lo<Wd / betweep'fwo electrts^evd^anoparticles are 
made of a material which is a conductor gfetectridty, and the detectable change is a change 
in conductivity. 

358. The method of Claim 357 wherein the electrodes are made of gold, and the 
nanoparticles are made of gold. 



359. The method of Claim 357 wherein the substrate is contacted with silver stain 
to produce the c>toge in conductivity. 

36CN. A method of detecting a nucleic acid having at least two portions comprising: 

(a) Xpntacting the nucleic acid with a substrate having oligonucleotides 
attached thereto, the oligonucleotides having a sequence complementary to a first portion of 
the sequence of said nucleicVid, the contacting taking place under conditions effective to 
allow hybridization of the oligonucleotides on the substrate with said nucleic acid; 

(b) contacting said nucleic^acid bound to the substrate with a first type of 



irc^aci* 

nanoparticles according to any one of Claims 243-250 having one or more types of 
recognition oligonucleotides attached thereto, atM^ast one of the types of recognition 
oligonucleotides comprising a sequence complementary toa second portion of the sequence 
of said nucleic acid, the contacting taking place under cbnditions effective to allow 
hybridization of the oligonucleotides on the nanoparticles with saM nucleic acid; and 
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\ (c) observing a detectable change. 

361 . The method of Claim 360 further comprising: 

(d) \ontacting the first type of nanoparticles bound to the substrate with a 
second type of nanoparticles according to any one of Claims 243-250 having recognition 
oligonucleotides attached thereto, at least one of the types of recognition oligonucleotides 
on the second type of nanobarticles comprising a sequence complementary to the sequence 
of one of the types of oligonucleotides on the first type of nanoparticles, the contacting taking 
place under conditions effective to allow hybridization of the oligonucleotides on the first 
and second types of nanoparticles; and 

(e) observing the detectable change. 

362. The method of Claim 36Q wherein at least one of the types of recognition 
oligonucleotides on the first type of nanoparticles has a sequence complementary to the 
sequence of at least one of the types of oligonucleotides on the second type of nanoparticles 
and the method further comprises: \ 

(f) contacting the second type of nanoparticles bound to the substrate with the 
first type of nanoparticles, the contacting taking place under conditions effective to allow 
hybridization of the oligonucleotides on the first and. second types of nanoparticles; and 

(g) observing the detectable change. \ 

363. The method of Claim 362 wherein step (d) or\teps (d) and (f) are repeated one 
or more times and the detectable change is observed. \ 

364. The method of Claim 360 further comprising: \ 

(d) providing a type of binding oligonucleotides having a sequence 
comprising at least two portions, the first portion being complementaiVto at least one of the 
types of oligonucleotides on the first type of nanoparticles; \ 
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\ (e) contacting the binding oligonucleotides with the first type of nanoparticles 
bound to thk substrate, the contacting taking place under conditions effective to allow 
hybridization of the binding oligonucleotides with the oligonucleotides on the first type of 
nanoparticles; \ 

(f) providing a second type of nanoparticles according to any one of Claims 
243-250 having recognition oligonucleotides attached thereto, at least one of the types of 
recognition oligonucleotides on the second type of nanoparticles comprising a sequence 
complementary to the second portion of the sequence of the binding oligonucleotides; 

(g) contacting the binding oligonucleotides bound to the substrate with the 
second type of nanoparticles, the^contacting taking place under conditions effective to allow 
hybridization of the oligonucleotides on the second type of nanoparticles with the binding 
oligonucleotides; and \ 

(h) observing the detectable change. 

365. The method of Claim 364 further comprising: 

(i) contacting the second type of^anoparticles bound to the substrate with the 
binding oligonucleotides, the contacting taking place under conditions effective to allow 
hybridization of the binding oligonucleotides with the oligonucleotides on the second type 
of nanoparticles; \ 

(j) contacting the binding oligonucleotides Vmnd to the substrate with the first 
type of nanoparticles, the contacting taking place underSconditions effective to allow 
hybridization of the oligonucleotides on the first type of nanoparticles with the binding 
oligonucleotides; and \ 

(k) observing the detectable change. \ 

366. The method of Claim 365 wherein steps (e) and (g) or step\(e), (g), (i) and (j) 
are repeated one or more times, and the detectable change is observed. \ 
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367. The method of Claim 360 wherein the substrate is a transparent substrate or 
an opaqukwhite substrate. 



368. \The method of Claim 367 wherein the detectable change is the formation of 
dark areas on thXsubstrate. 

369. The mfethod of Claim 360 wherein the nanoparticles are metal nanoparticles 
or semiconductor nanoparticles. 

370. The method o^ Claim 369 wherein the nanoparticles are made of gold or 

silver. 

371. The method of Claim 360 wherein the substrate has a plurality of types of 
oligonucleotides attached to it in an arrty to allow for the detection of multiple portions of 
a single nucleic acid, the detection of multiple different nucleic acids, or both. 

372. The method of Claim 360 wherehj the substrate is contacted with silver stain 
to produce the detectable change. 

373. The method of Claim 3 7 1 wherein the substrate is contacted with silver stain 
to produce the detectable change. 

371 The method of Claim 360 wherein the detectabl\change is observed with an 
optical scanner 

373. The method of Claim 375 wherein the device is a flatbe&scanner. 
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377. \ The method of Claim 375 wherein the scanner is linked to a computer loaded 
with softwares capable of calculating greyscale measurements, and the greyscale 
measurements ar\ calculated, to provide a quantitative measure of the amount of nucleic acid 
detected. 

37£. The me\hod of Claim 360 wherein the oligonucleotides attached to the 
substrate are located between two electrodes, the nanoparticles are made of a material which 
is a conductor of electricity^and the detectable change is a change in conductivity. 

37p. The method of 0(aim 378 wherein the electrodes are made of gold, and the 
nanoparticles are made of gold. 

3^ V 
38p. The method of Claim 378 wherein the substrate is contacted with silver stain 

to produce the change in conductivity. 

381 . The method of Claim 371 wherein each of the plurality of oligonucleotides 
attached to the substrate in the array is located Wtween two electrodes, the nanoparticles are 
made of a material which is a conductor of electricity, and the detectable change is a change 
in conductivity. 

38^. The method of Claim 381 wherein the Electrodes are made of gold, and the 
nanoparticles are made of gold. 

N 

383. The method of Claim 381 wherein the substrate is contacted with silver stain 
to produce the change in conductivity. 

384. A method of detecting a nucleic acid having at least tfyo portions comprising: 
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(a) contacting the nucleic acid with a substrate having oligonucleotides 



attached ^hereto, the oligonucleotides having a sequence complementary to a first portion of 
the sequence of said nucleic acid, the contacting taking place under conditions effective to 
allow hybridization of the oligonucleotides on the substrate with said nucleic acid; 



nanoparticles according to any one of Claims 253-263 having one or more types of 
recognition oligonucleotides attached thereto, at least one of the types of recognition 
oligonucleotides comprising a sequence complementary to a second portion of the sequence 
of said nucleic acid, tnte contacting taking place under conditions effective to allow 
hybridization of the recognition oligonucleotides on the nanoparticles with said nucleic acid; 
and \ 



second type of nanoparticles according to>any one of Claims 253-263having recognition 
oligonucleotides attached thereto, at least one, of the types of recognition oligonucleotides 
on the second type of nanoparticles comprising 21 sequence complementary to the sequence 
of one of the types of oligonucleotides on the first tytoe of nanoparticles, the contacting taking 
place under conditions effective to allow hybridization of the oligonucleotides on the first 
and second types of nanoparticles; and \ 



oligonucleotides on the first type of nanoparticles comprises a sequence complementary to 
the sequence of at least one of the types of oligonucleotides Cm the second type of 
nanoparticles and the method further comprises: \ 



>) contacting said nucleic acid bound to the substrate with a first type of 



(c) observing a detectable change. 
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\ (f) contacting the second type of nanoparticles bound to the substrate with the 
first type oAianoparticles, the contacting taking place under conditions effective to allow 
hybridization of the oligonucleotides on the first and second types of nanoparticles; and 
(g) observing the detectable change. 

V \ 

38y7. The method of Claim 386 wherein step (d) or steps (d) and (f) are repeated one 
or more times and the \ietectable change is observed. 

388. ' The methodNof Claim 384 further comprising: 

(d) providing^ a type of binding oligonucleotides having a sequence 
comprising at least two portionsUhe first portion being complementary to at least one of the 
types of oligonucleotides on the ntst type of nanoparticles; 

(e) contacting the binding oligonucleotides with the first type of nanoparticles 
bound to the substrate, the contacting taking place under conditions effective to allow 
hybridization of the binding oligonucleotides with the oligonucleotides on the first type of 
nanoparticles; y 

(f) providing a second type ornanoparticles according to any one of Claims 
253-263having recognition oligonucleotides attached thereto, at least one of the types of 
recognition oligonucleotides on the second typeW nanoparticles comprising a sequence 
complementary to the second portion of the sequence of the binding oligonucleotides; 

(g) contacting the binding oligonucleotides bound to the substrate with the 
second type of nanoparticles, the contacting taking placeVider conditions effective to allow 
hybridization of the oligonucleotides on the second type of nanoparticles with the binding 
oligonucleotides; and * \ 

(h) observing the detectable change. \ 

^ \ 

389. The method of Claim 388 further comprising: \ 
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y (i) contacting the second type of nanoparticles bound to the substrate with the 
binding oligonucleotides, the contacting taking place under conditions effective to allow 
hybridization orlhe binding oligonucleotides with the oligonucleotides on the second type 
of nanoparticles; \ 

(j) contacting the binding oligonucleotides bound to the substrate with the first 
type of nanoparticles\ the contacting taking place under conditions effective to allow 
hybridization of the oligonucleotides on the first type of nanoparticles with the binding 
oligonucleotides; and \ 

(k) observing ^ie detectable change. 

390. The method of Clairta 389 wherein steps (e) and (g) or steps (e), (g), (i) and G) 
are repeated one or more times, andsthe detectable change is observed. 

. The method of Claim 384y\vherein the substrate is a transparent substrate or 
an opaque white substrate. \ 

39^. The method of Claim 391 wherem the detectable change is the formation of 
dark areas on the substrate. \ 

393V The method of Claim 384 wherein the nanoparticles are metal nanoparticles 
or semiconductor nanoparticles. \ 

394. The method of Claim 393 wherein the nanoparticles are made of gold or 
silver. \ 

395. The method of Claim 384 wherein the substrate has V plurality of types of 
oligonucleotides attached to it in an array to allow for the detection ofViultiple portions of 
a single nucleic acid, the detection of multiple different nucleic acids, onboth. 
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39£. The method of Claim 3 84 wherein the substrate is contacted with silver stain 
to produce t^e detectable change. 

372. Tyhe method of Claim 395 wherein the substrate is contacted with silver stain 
to produce the detectable change. 

i 

398' The method of Claim 384 wherein the detectable change is observed with an 
optical scanner 

399. The method of Oqim 398 wherein the device is a flatbed scanner. 

400: The method of Claiik 398 wherein the scanner is linked to a computer loaded 
with software capable of calculating greyscale measurements, and the greyscale 
measurements are calculated, to provide^ quantitative measure of the amount of nucleic acid 
detected. 

The method of Claim 384 wherein the oligonucleotides attached to the 
substrate are located between two electrodes, the Wioparticles are made of a material which 
is a conductor of electricity, and the detectable change is a change in conductivity. 

A 

402. The method of Claim 401 wherein the electrodes are made of gold, and the 
nanoparticles are made of gold. 

V 

40j3. The method of Claim 401 wherein the substrate\s contacted with silver stain 
to produce the change in conductivity. 

y 

40^4. The method of Claim 397 wherein each of the plurality of oligonucleotides 
attached to the substrate in the array is located between two electrodes, t|ie nanoparticles are 
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made a material which is a conductor of electricity, and the detectable change is a change 

\ 

in conductivity. 

405. \The method of Claim 404 wherein the electrodes are made of gold, and the 

* \ 

nanoparticles are^made of gold. 

40$. The method of Claim 404 wherein the substrate is contacted with silver stain 
to produce the change in\onductivity. 



407 A method of defecting a nucleic acid having at least two portions comprising: 

(a) contacting thk nucleic acid wifli a substrate having oligonucleotides 
attached thereto, the oligonucleotides being located between a pair of electrodes, the 
oligonucleotides having a sequence complementary to a first portion of the sequence of said 
nucleic acid, the contacting taking placejtod^reonditions effective to allow hybridization of 
the oligonucleotides on the substrate wiwWi nucleic acid; 

(b) contacting said nucleic Acrd bound to the substrate with a first type of 
nanoparticles, the nanoparticles beingWde of aWterial which can conduct electricity, the 
nanoparticles having one orpore tyo^sof oligonucleotides attached thereto, at least one of 
the types of oligonucleotides having a sequence com^mentary to a second portion of the 
sequence of said nucleic acid, the contacting taking placeholder conditions effective to allow 
hybridization of the oligonucleotides on the nanoparticlesNvith said nucleic acid; and 

(c) detecting^ change in conductivity. 

*■ / 

40J8. The method of Claim 407 wherein the substrate has a plurality of pairs of 
electrodes located on i/in an array to allow for the detection of multiple portions of a single 
nucleic acid, the detection of multiple different nucleic acids, or both,\each of the pairs of 
electrodes having a^type of oligonucleotides attached to the substrate between them. 
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409. The method of Claim 407 wherein the nanoparticles are made of metal. 



41 0. The method of Claim 407 wherein the/nanoparticles are made of gold or 



silver. 



411. The method of Claim 407 wherein the substrate is contacted with silver stain 
to produce the change in conductivity. 



412. The method of Claim 407 further comprising: 

(d) contacting the first type of manoparticles bound to the substrate with a 
second type of nanoparticles, the nanopartides beingyiade of a material which can conduct 
electricity, the nanoparticles having oligonucleotides attached thereto, at least one of the 
types of oligonucleotides on the /econd/type/of nanoparticles comprising a sequence 
complementary to the sequence ot one of/the >types of oligonucleotides on the first type of 
nanoparticles, the contacting taking place uitaer conditions effective to allow hybridization 
of the oligonucleotides on the fim ancUecond types ofnanoparticles; and 

(e) detecting the change in conductivity. 

41 /. The method of Claim 4/1 2 wherein at least one of the types of oligonucleotides 
on the first type of nanoparticles has a sequence complementary to the sequence of at least 
one of the types of oligonucleotides on the second type of nanoparticles and the method 
further comprises: / 

(f) contacting the second type of nanoparticles bound to the substrate with the 
first type of nanoparticles, the contacting taking place under conditions effective to allow 
hybridization of the oligonucleotides on the first and second types ofnanoparticles; and 

(g) detecting th/e change in conductivity. 
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4l\. The method of Claim 413 wherein step (d) or steps (d) pd (f) are repeated one 
or more times and the change in conductivity is detected. 

415 The method of Claim 407 further comprising:, 

(d) contacting the first type of nanoparticles /bound to the substrate with an 
aggregate probe having oligonucleotides attached theretoyne nanoparticles of the aggregate 
probe being made of a material which can conduct electricity, at least one of the types of 
oligonucleotides on the aggregate probe comprising a sequence complementary to the 
sequence of one of the types of oligonucleotides/on the first type of nanoparticles, the 
contacting taking place under condi^n^^fecliye to allow hybridization of the 
oligonucleotides on the aggregate p^obe with the oligonucleotides on the first type of 
nanoparticles; 

(e) and detectingvthe chang'e in conductivity. 



*> I f J v ... 

* ? s 4 1 6. A method of detecting nucleic acid raving; at least two portions compnsing: 

^ / / / 

1% (a) contacting abucleic acid with ^substrate having oligonucleotides attached 

*» \ / / 

thereto, the oligonucleotides being/located between a pair of electrodes, the oligonucleotides 

O having a sequence complementmy4xiaLfir^tportion of the sequence of said nucleic acid, the 

fU contacting taking place under conditions effective to allow hybridization of the 

oligonucleotides on the substrate with said nucleic acid; 

(b) contacting said nucleic acid bound to the substrate with an aggregate probe 

having oligonucleotides attached thereto, at least one of the types of oligonucleotides on the 

/ 

aggregate probe comprising a sequence complementary to the sequence of a second portion 
of said nucleic acid, the nanoparticles of the aggregate probe being made of a material which 
can conduct electricity, the contacting taking place under conditions effective to allow 

hybridization of the oligonucleotides on the aggregate probe with the nucleic acid; and 

/ 

(c) detecting a change in conductivity. 



225 



4149-1-1-1-1 



41% A method of detecting a nucleic acid wherein th^method is performed on a 
substrate, the method comprising detecting the presence, quantity, or both, of the nucleic acid 
with an optical scanner. 



418* The method of Claim 417 whereinthe device is a flatbed scanner. 




* I / A / 

419. The method of Claim 417 wherein the seamier is linked to a computer loaded 
with software capable of calcula/ing greyscjile meLurefn^its, and the greyscale 



measurements are calculated, to provid^ 
detected. 



/ 



titative measure of the amount of nucleic acid 



420,. The method of Claim 4 1 7 wherein the scanner is linked to a computer loaded 
with software capable of providing an image of the substrate, and a qualitative determination 
of the presence of the nucleic acid, the quantity of the nucleic acid, or both, is made. 



42\ A kit comprising a container holding nanoparticle-oligonucleotide conjugates 
according-to^ny Qjle of Claims 237-242. 



I 

422,. A kit comprising a^tonjainer holding nanoparticles according to any one of 
Claims 243-265. 




having attachecNJiereto at least one pair of 
to the substrate between the electrodes. ' 



42^. A kit comprising a subst 
electrodes with oligonucleotides^ 

424. The kit of Cjajjn 42xjyherein the substrate has a plurality of pairs of 
electrodes attached to it in an array, to allow for the detection of multiple portions of a single 
nucleic acid, the detection of multiple different nucleic acids, or both. 
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425. A method of nanofabrication comprising 

providing at least one type (^linking oligonucleotide having a selected 
sequence, the sequence of each type of linking oligonucleotide having at least two portions; 

providing ofl^ormore^ types of nanoparticle-oligonucleotide conjugates 
according to any one ofrCIaims 23jft^fy2> th^ oligonucleotides attached to the nanoparticles 
of each of the types of conjugates xjayirfg a sequence complementary to the sequence of a 
portion of a linking ohgonroleotide; and 

contacting the linking oligonucleotides and conjugates under conditions 
effective to allow^hybridization of the oligonucleotides attached to the nanoparticles of the 
conjugates to*he linking oligonucleotides so that a desired nanomaterial or nanostructure is 
formed y/nerein the nanoparticles of the conjugates are held together by oligonucleotide 
connectors. 



42$. "^A method of nanofabrication comprising 

providing at least one type of linking oligonucleotide having a selected 
sequence, the sequence ofie^ch type of linking oligonucleotide having at least two portions; 

providing one orn\ore types of nanoparticles according to any one of Claims 
243-265, the recognition oligonucleotktes on each of the types of nanoparticles comprising 
a sequence complementary to the sequenc^of a portion of a linking oligonucleotide; and 

contacting the linking oligonucleotides and nanoparticles under conditions 
effective to allow hybridization of the oligonucleoti^s.on the nanoparticles to the linking 
oligonucleotides so that a desired nanomaterial or nanostructure is formed wherein the 
nanoparticles are held together by oligonucleotide connectors. 



427. A method ot^arioKbrication comprising: 

providing at \w6 types of nanoparticle-oligonucleotide conjugates 
according to any one of£2laims 237-242, N ^ 
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the oligonucleotides attached to the/nanoparticles of the first type of 
conjugates having a sequence complementary to^Kat of the oligonucleotides attached to the 
nanoparticles of the second type of < 

the oligonucleotide^ attadfed Ho t#e nanoparticles of the second type of 
conjugates having a sequence c^plemp^W of the oligonucleotides attached to the 

nanoparticles of the first type af^yligates; and 

contacting th^nrst and second types of conjugates under conditions effective 
to allow hybridization oCtne oligonucleotides on the nanoparticles of the conjugates to each 
other so that a desired nanornaterial or nanostructure is formed. 



42$Nv A method of nanofabrication comprising: 

providing at least two types of nanoparticles according to any one of Claims 

243-265, 

the recognition oligonucleotides on the first type of nanoparticles comprising 
a sequence complementary to tnktof the oligonucleotides on the second of the nanoparticles; 

the recognition oligbmicleotides on the second type of nanoparticles 
comprising a sequence complementary tcKhat of the oligonucleotides on the first type of 
nanoparticles; and 

contacting the first and second tyjaes of nanoparticles under conditions 
effective to allow hybridization of the oligonucleotides ot^the nanoparticles to each other so 
that a desired nanornaterial or nanostructure is formed. 



do 



Nanomaterials or na 
conjugates according to any <4ne 0,1 
by oligonucleotide conusors? 



pictures composed of nanoparticle-oligonucleotide 
{\ms 237-242, the nanoparticles N being held together 



430. Nanomaterials or nanoStQjctures composed of nanoparticles according to any 
one of Claims 243-265, the nanoparticles bein^dd together by oligonucleotide connectors. 
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at least two portions 



43 1/ A method of separating a selected nucleic acid 
from other nucleic acids, the method comprising: 

providing two or more types of^uioparticle-oligonucleotide conjugates 
according to any one of Claims 23>242 v Ap^ligonucleotides attached to the nanoparticles 
of each of the types of conjugates having a sequence complementary to the sequence of one 
of the portions of the selected nudfeic Acid; and 

contactin&^tfe nujzleic ackls andjcetyugates under conditions effective to 
allow hybridization^f the^rtrgbnucleotides on the nanoparticles of the conjugates with the 
selected nuclrielicid so that the conjugates hybridized to the selected nucleic acid aggregate 
and pre^jfdjtate. 

43 j2. A mfet{iod of separating a selected nucleic acid having at least two portions 
from other nucleic acidvti^e method comprising: 

providing two otvmore types of nanoparticles according to any one of Claims 
243-265, the oligonucleotides on e^ch of the types of nanoparticles having a sequence 
complementary to the sequence of one of<the portions of the selected nucleic acid; and 

contacting the nucleic acids ahd nanoparticles under conditions effective to 
allow hybridization of the oligonucleotides on tfifcsnanoparticles with the selected nucleic 
acid so that the nanoparticles hybridized to the sheeted nucleic acid aggregate and 
precipitate. 
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